Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


•   '  ■   ..    1 


J    . 


^^i^^i.^    ^/tv^    c^y»^ 


'-  J 


A  REPORT 


TO  THE 


NAVY   DEPARTMENT  OF  THE   UNITED  STATES 


OK 


AMERICAN  COALS, 


APPLICABLE 


TO  STEAM  NAVIGATION,  AND  TO  OTHER  PURPOSES 


7 


nv    WALTER   R.   JOHNSON. 


it 

^i^^^Z-^-^      WASHINGTON: 

/*    ^    ^  »LAIR  AVD«MVES,  PRINTER!! 

%,  >  1844. 


•  ">•   •*     V 


•  •  • 


*  ''  . 


-    • 

•  •     • 


•    •  •  • 


•  •  • 

•  •    •  n*  • 


ERRATA. 


At  page  35,  line  16|  for  "  steady  presnire/^  read  tAjtoA^  acHon, 

44,  at  the  3l8t  line  of  deductions,  for  238^.41,  read  230^.47. 
158,  line  16,  for  10.403,  read  10.381. 
324,  in  the  foot  note,  for  "  TVnotet,*'  read  Jhmaks. 
370,  second  line  from  the  bottom  of  the  table,  left  hand  column,  put  a.  m.  above  6.31 

instead  of  below  it 
563,  under  remoHb,  opposite  to  Forest  Improrement,  the  third  remark ,  **this  result,  &c . , 
is  intended  to  apply  to  the  second,  and  not  to  the  Unrd  number  of  the  last  colum 
of  figures. 
A  few  verbal  errors  of  less  note  will  readily  be  corrected  by  the  reader. 
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Ut  Settitm.  Navy  Dept. 
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THE  SECRETARY  OF  THE  NAVY, 


TRANSMlTmra 


A  9erie9  of  esperiments  npon  coal,  made  by  Professor  Johnson, 


JuNB  14,  1844. 

Read,  mod  laid  apon  the  table. 


Navy  Department,  June  6, 1844. 

Sir:  An  act  of  Congress  approved  September  11, 1841, "  making  ap- 
mpriations  for  the  purchase  of  naval  ordnance  and  ordnance  stores,  and 
fbr  other  purposes,"  authorized  the  Secretary  of  the  Navy  to  apply  a  part 
tfthe  sum  thereby  appropriated  to  the  purpose  of  making  experiments  in 
Mtiers  connected  with  the  naval  service  and  the  national  defence. 

In  virtue  of  this  authority.  Professor  W.  R.  Johnson,  of  Philadelphia, 

IS  empowered  to  institute  a  series  of  experiments  upon  coal,  on  which 
daty  he  has  been  zealously  engaged.  The  result  of  his  labors  is  herewith 
eommumcated  in  a  large  manuscript  volume,  containing  the  report,  ae- 
eompaoied  with  several  sheets  of  drawings  and  tabular  statements. 

The  large  and  growing  interests  which  the  United  States  possess  in 
dieir  vast  coal-mines,  scarcely  yet  developed,  and  the  numerous  national 
and  dornestic  uses  to  which  the  article  of  coal  is  applied,  will  justify  the 
length  of  time  necessarily  consumed  in  making  the  experiments ;  and 
Ae  ioformation  contained  in  this  report,  it  is  hoped,  will  be  found  to  com- 
peosiCe  for  the  outlay. 

I  have  the  honor  to  be,  very  respectfully,  your  most  obedient  servant, 

J.  Y.  MASON. 

Hon.  John  W.  Jones, 

S/ieaker  of  the  House  of  Representatives. 
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REPORT. 


Washington,  June  3,  1844. 

To  the  Hon.  John  Y.  Mason, 

Secretary  of  the  Navy. 

Sir:  Ina  concise  preliminaiyreport,which,under  date  of  November  28, 
1843, 1  had  the  honor  to  submit  to  the  department,  I  took  occasion  to  offer 
some  remarks  on  the  necessity  which  had  been  found  to  exist  for  procu- 
ring, by  experiment,  exact  information  as  to  the  adaptation  of  various  coala 
to  the  purposes  of.  steam  navigation.  I  referred  to  the  extensive  influ- 
ence which  researches  of  this  nature  exercise  on  the  general  system  of 
national  defences,  on  the  manufacturing,  mining,  and  commercial  inter- 
ests, and  on  the  prosperity  and  domestic  economy  of  communities  hav- 
ing at  command  the  important  resources  of  mineral  fuel.  I  stated  the 
origin  and  progress  of  the  researches  which  had  been  undertaken ;  point- 
,  ed  out  some  of  the  general  purposes,  primary  and  incidental,  to  be  ef- 
fected by  the  inquiry ;  referred  to  the  several  methods  by  which  experi- 
menters had  heretofore  sought  to  determine  the  heating  power  of  com- 
bustible bodies,  and  indicated  the  nature  of  the  practical  standard  of 
evftporaiive potaer  employed  in  these  experiments.  I  then  gave  a  classi- 
fied list  of  the  coals  assayed,  designating  the  general  properties  of  each 
class,  and  the  names  of  the  parties*  furnishing  each  sample.  The  other 
methods,  both  practical  and  analytical,  which  were  employed,  in  addition 
to  the  evaporative  process,  to  determine  the  character  of  each  coal,  were 
ilso  briefly  enumerated. 

Since  the  time  of  making  that  report,  a  considerable  number  of  the  coals 
have  undergone  the  usual  analytical  processes;  and  all  the  residua  of  the 
ibmace  have  been  carefully  examinea  to  ascertain  the  proportion  of  com- 
bustible matter  which  they  contained.  In  order  to  present  in  the  most 
eoocise  form  all  the  information  which  the  experiments  were  designed  to 
dicit,  a  tabular  view  of  each  has  been  prepared,  faithfully  indicating  the 
node  of  action  of  each  sample,  under  the  variations  of  treatment  to  which 
i  was  subjected.  From  a  careful  examination  of  the  several  tables  per- 
taining to  each  sample,  a  series  of  deductions  is  obtained ;  and  a  separate 
iUe  embraces^  under  appropriate  heads,  the  results  of  each  experiment, 
ad  the  average  of  the  whole  for  each  variety  of  fuel. 
A  description  indicating  the  origin,  specifying  the  external  characters 

*A  few  inaceunciea  occurred  in  giving  the  names  of  persons  and  companies  forwarding  the 
Mh,  which  I  would  here  correct: 

L  Otoe  sample  of  Cumberland  coal  was  sent  by  the  New  York  and  Maryland  Mining  Com- 
faiy,  hj  rnder  of  William  Young,  esq.,  president    This  was  accidentally  omitted  in  the  prelim- 


1  Tkeaample  mad  to  be  from  "Atkinson's  mines,'*  should  have  been  from  JlUcinson  if  Tem- 


t  Tim  asBiplM  of  Pictoo  and  Sidney  were  sent  by  Mr.  Cunard,  agent  for  the  Gkneral  Mining 

■mWmi  orLondoii. 

i  n»  mmSBt  mnple  lent  hy  Hepp  4  Co.,  of  New  Orleans,  was  PilUbur^  coal. 
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and  internal  constitution  of  each  coal,  with  an  account  of  such  experi- 
ments as  do  not  refer  to  evaporative  action,  has  been  prefixed  to  the  sev- 
eral tabular  statements  above  referred  to.  For  each  class  of  coals,  a  gen- 
eral synoptical  table  has  been  derived  from  the  averages  deduced  in  the 
manner  just  described.  From  these  synopses,  a  still  more  general  table  has 
been  prepared,  embracing  the  whole  scries  of  coals  tried,  and  indicating 
the  various  characters  which  are  most  impoitan  tin  a  practical  point  of  view. 

From  this  general  table  are  deduced  several  classifications,  according  to 
the  rank  which  experiment  assigns  to  each  coal.  Among  the  important 
properties,  with  reference  to  which  these  classifications  are  made,  are  the 
weight  under  a  given  volume  of  each  kind  of  coal ;  the  facility  of  ignition  ; 
the  completeness  of  combustion ;  the  evaporative  power  for  given  weights, 
and  that  for  given  bulks;  the  amount  of  waste  matter  from  the  furnace, 
and  a  separate  arrangement  for  the  proportion  of  vitrified  cinder.  All  these 
properties  may  be  combined  in  making  up  an  estimate  of  the  relative  val- 
ues of  coal  for  the  purposes  of  steam  navigation. 

A  tabular  view  of  the  proportion  and  characters  of  the  residua  left,  after 
burning  the  several  coals,  is  annexed.  A  number  of  other  tables,  relative 
to  distinct  classes  of  observations,  will  be  found  described  in  their  proper 
places.  Among  these,  one  relates  to  the  velocity  with  which  the  gases, 
produced  by  combustion,  traversed  the  flues  and  chimney ;  others  mark 
the  influence  of  admitting  currents  of  air  to  mix  with  the  combustible  gases 
at  the  furnace  bridge,  and  distinguish  separately  the  economy  in  time  from 
that  of  fuel,  due  to  such  an  arrangement.  But,  perhaps,  none  of  the  tables 
will  be  found  more  instructive  than  that  which  relates  to  the  composition 
and  heat  absorbing  power  of  the  gases,  drawn  from  the  flues  during  the 
combustion  of  numerous  varieties  of  coal. 

This  table  serves  to  show  how  large  a  proportion  of  atmospheric  air  al- 
ways passes  unchanged  through  our  ordinary  furnaces ;  and  more  partic- 
ularly does  it  show  the  variableness  of  that  proportion  under  different  cir- 
cumstances of  the  combustion  ;  and,  what  is  of  not  less  practical  import- 
ance, it  enables  us  to  ascertain  what  proportion  of  the  heat,  actually  de- 
veloped by  the  combustion  of  fuel,  is  applicable  to  useful  purposes  in  the 
generation  of  steam,  and  how  much  is  inevitably  wasted  in  getting  rid  of 
the  products  of  combustion.  It  serves  the  further  purpose  of  determining 
the  relation  between  the  constitution  of  coals  and  their  effective  heating 
power ;  a  question  of  the  greatest  importance  to  all  who  are  concerned 
either  in  the  selection  or  the  use  of  fuel. 

The  general  arrangement  which  I  have  adopted  in  presenting  the  ma- 
terials of  this  report,  is,  afler  a  few  remarks  on  the  prevalent  measures  of 
coal,  to  explain  the  several  kinds  of  apparatus  used,  either  in  the  analyses 
or  the  evaporative  tests  of  coal.  The  latter  will  be  found*  to  embrace  a 
description  of  the  furnace^  with  illustrative  plans,  sections,  and  elevations ; 
the  construction  and  setting  of  the  boiler ;  the  apparatus  for  supplying  it 
\Hth  water;  that  for  drying  the  coals ;  the  steam-gauge  with  its  applica- 
tlM4  the  gUKe  ID  show  the  draught  of  the  chimney ;  and  the  apparatus  for 
ih»^i         ilB^of  combustion. 

horimioo  of  apparatus  for  ultimate  analyses  of  coals,  will 
'H,|o  test  the  relative  value  of  re-agents  generally 

desoriUn^  the  coals  follows  nearly  that  of 
and  IS  substantially  the  same  as  was 
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laid  down  in  my  preliminary  report.  The  anthracite  class  is  made  to  em- 
bnce  the  samples  of  fuel  of  analogous  properties — such  as  <'  natural  coke," 
artiikial  coke,  and  mixtures  composed  of  four  parts  of  anthracite  and  one 
pift  of  bitaminous  coal. 

I.  Measures  of  coal. 

The  coal  bushel  in  England  was  formerly  <'  a  metallic  cylinder  19^ 
inches  in  diameter  inside,  and  7|-  inches  deep.  In  filling  it,  the  coals 
were  to  be  heaped  six  inches  high  in  the  middle,  so  that  a  line  drawn 
from  the  apex  to  opposite  sides  of  the  bushel  would  be  111  inches  in  each 
direction."*  This  would  give  the  contents  of  a  bushel  of  coals  equal 
to  2,725.4  cubic  inches ;  while  the  bushel,  imperial  measure,  of  the  same 
cooDtry,  is  2,218.192  cubic  inches ;  and  one  bushel,  Winchester  measure, 
b  2,150.42  cubic  inches. 

The  chaldron  of  coals  with  ''  ingrain  "  measured  104,809.572  cubic 
inches;  and  "without  ingrain"  99,809.64  cubic  inches.  The  former 
would  be  38.46  bushels,  as  measured  in  and  on  the  cylinder  above  de- 
scribed, and  the  latter  32.95  such  bushels.  Eight  chaldrons  of  coal  in 
Newcastle,  are  equal  to  15^  chaldrons  in  London.  The  chaldron  in  New- 
CKtIe  weighs  63  cwt. ;  and,  consequently,  in  London  it  weighs  27.35 
cwL  The  same  authority  which  furnishes  these  data,t  also  apprizes  us 
that  88  pounds  of  coal  make  a  bushel. 

From  the  data  furnished  in  the  course  of  the  following  research,  it  will 
be  eTident  that  wide  diversities  exist  in  the  weights  of  given  bulks  of 
difieient  kinds  of  coal,  and  consequently  great  uncertainty  must  arise 
from  attempting  to  estimate  by  bulk  alone,  the  value  of  any  species  of 
this  material.  It  was  not,  therefore,  deemed  expedient  to  introduce  any- 
thing in  relation  to  the  bushel  of  coals,  either  in  regard  to  weight  or  effi- 
ciency ;  but  to  reduce  all  measures  to  the  standard  of  a  cubic  foot^  in 
vhich  measure  the  contents  of  the  bunkers  of  a  steamship  are  readily 
aseeitained. 

2L  General  plan  and  arrangement  of  apparatus  for  testing  the  evaporative 

power  of  coals. 

The  apparatus  employed  for  this  purpose  is  represented  in  plate  ti, 
figures  1,2,  and  3;  the  first  being  a  side,  the  second  a  front,  and  the 
lUid  a  rear  elevation. 

In  these,  as  well  as  in  the  several  longitudinal  and  transverse  sections, 
im  ssine  references  are,  as  far  as  practicable,  applied  to  the  same  objects. 
The  IflUeial  elevation  (fig.  1)  brings  into  view  not  only  the  brick-work 
tfthe  stack,  containing,  as  seen  by  a  dotted  outline,  the  boiler  B,  the 
tank  W*,  the  intermediate  cistern  or  filling  apparatus  C,  the  two 
valves  Y  and  V,  the  drying  apparatus  K,  the  water-gauge  G,  but 
the  small  adjacent  apartment,  in  whicli  are  placed  the  manometer  or 
gauge  M,  connected  with  the  boiler  by  the  iron  tube  /;  the  harome- 
Iv Ay. with  its  attached  thermometer  i;  as  also  the  gas  drawing  and  ana- 
^piig  apparatus  placed  in  the  same  apartment,  including  the  chloride  of 

^iwTreaiiswoD  Fomll  Pael,  Collieries  and  the  Coal  Trade:  London,  1841— pn«Te  378. 
tOrisr^  Mechanic'ii  Pockei  Diciionary,  page  335. 
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calcium  tube  n,  the  sulphuric  acid  and  asbestos  tube  o,  the  potash  tube;t?, 
the  second  chloride  tube  q^  the  receiving  jar  r,  with  the  arrangement  for 
counterpoising  it  in  the  mercurial  bath,  and  the  graduated  jars  s^Sy  each 
furnished  with  a  stop  cock,  by  means  of  which  it  can  be  brought  into 
communicaaon  with  the  receiver  r,  in  order  to  receive  portions  of  the  gas 
drawn  from  the  chimney  to  be  tested  for  oxygen  and  other  materials. 
This  view  also  exhibits  the  two  gauge  cocks  CyC^  the  dampers  ddnid  d\ 
of  which  the  former  is  represented  as  open,  and  the  latter  closed.  It  also 
exhibits  the  connexion  between  the  safety  valve  V,  and  the  chimney  into 
which  the  steam  was  discharged  through  a  3-inch  tube  E ;  and  the  ther- 
mometer,/, showing  the  temperature  of  steam  in  the  boiler. 

It  shows  at  a,  the  opening  of  the  iron  tube  iu  which  is  inserted  the 
thermometer  for  measuring  the  temperature  of  the  air  on  arriving  at  the 
grate.  The  rear  end  of  the  boiler  (tig.  3)  is  seen  to  be  furnished  with  a 
large  stop  cock,  H,  for  discharging  its  contents ;  and  the  steam  drying 
apparatus  has  a  tube,  m,  projecting  through  a  partition,  and  discharging 
into  the  open  air  the  steam  which  has  traversed  that  apparatus. 

Three  sets  of  steps  are  seen,  of  which  the  first  leads  from  the  pavement 
to  the  platform  or  flooring  laid  over  the  brick- work  covering  the  boiler; 
the  second  leads  from  the  level  of  that  platform  up  to  the  water  cistern, 
W,  enabling  the  observer  to  read  the  scale  on  the  rod,  v,  and  to  note  the 
temperature  of  the  water  by  a  thermometer  kept  suspended  in  the  cistern  ; 
and  the  third  placed  in  the  office  where  the  manometer  and  barometer  are 
situated,  enabled  the  observer  to  read  those  instruments,  which  are  neces- 
sarily at  an  elevation  of  7  or  8  feet  from  the  pavement;  x,t,  are  small 
puppet  valves,  by  means  of  which  either  steam  or  water  is  allowed  to 
escape  from  the  water-gauge  G. 

The  height  of  the  chimney  to  the  top  of  the  brick-work  is  41  feet,  and 
its  interior  is  13  inches  square ;  or  its  cross  section  is  324  square  inches. 
The  sheet-iron  addition  is  22  feet  and  f  of  an  inch  in  height,  22.9  inches 
in  diameter,  and  its  cross  section  412.5  square  inches. 

In  fig  2,  plate  ii,  is  seen  a  front  elevation  of  the  apparatus,  omitting 
the  manometer  and  the  apparatus  for  the  analysis  of  gases.  The  dotted 
circle  B  represents  the  outline,  and  defines  the  position  of  the  boiler. 
The  two  cast-iron  plates  Ar,  A:,  close  the  apertures  in  the  brick  work, 
through  which  the  interior  flues  are  reached  in  order  to  be  swept :  ti;  is  a 
similar  cover  to  the  side  flue  at  the  left  of  the  boiler;  and  v',  a  plate 
closing  a  sweep  hole  leading  into  the  chimney. 

gy  ^',  and  A,  show  the  situation  of  the  winches  by  which  the  several 
stopcocks  (having  on  fig.  1  the  same  references)  are  managed ;  /,  shows 
a  section  of  the  tube  leading  to  the  manometer  ;  O,  is  the  air  port  through 
which  the  air  to  supply  the  furnace  entered  beneath  the  ash  pit,  to  find 
its  way  to  the  vertical  air  chambers  on  the  sides  of  the  stack,  thence  be- 
neath the  back  end  of  the  main  fire-flue  to  the  grate.  Just  within  this 
port  are  seen  the  two  small  thermometers  i>,  and  e',  the  latter  having  its 
bulb  extending  below  the  scale,  and  covered  with  a  moistened  cloth. 
I'hese  two  constitute  the  dew-point  apparatus.  At  ^',  and  7',  are  two 
o{x^nings  for  the  insertion  of  thermometers,  one  into  the  lower,  and  the 
other  into  the  upper  flue,  by  which  the  gases  found  their  way  into  the 
chimney. 

d  is  the  damper^  with  its  enclosing  cast-iron  frame,  by  which  the  pas^ 
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sage  to  the  chimney  firom  the  two  interior  flues  Ar,  k^  is  cut  off.     The 
damper  d'  being  drawn,  opens  a  passage  to  the  side  flues  opposite  to  w. 

Between  the  two  plates  A-,  Ar,  is  seen  a  section  t  of  the  tube  through 
which  the  gases  were  drawn  after  having  passed  the  two  interior  return 
loes;  y,  y,  are  the  fire  doors,  and  z,  z,  the  ash-pit  doors — ail  closed  as 
▼hen  the  furnace  is  in  action.  L  is  the  small  subsidiary  furnace  used  to 
augment  the  draught  of  the  chimney,  its  ash  pit  opening  being  shown  in 
front  at  the  l)ottom,  and  its  damper  partly  raised  at  N.  The  water-gauge 
G,  is  seen  to  be  furnished  with  a  scale  which  was  divided  into  inches  and 
parts,  above  and  below  its  zero,  or  normal  level.  At  its  upper  and  lower 
extremities  are  likewise  seen  screw-nuts  vt,  n,  by  which  a  complete  open- 
ing through  the  glass  tube  is  obtained,  allowiug  it  to  be  readily  cleaned 
and  wiped  out  The  remaining  letters  on  this  figure  have  reference  to 
oMectB  corresponding  with  those  on  fig.  I.  In  both  figures  the  safety- 
Talves  are  seen  to  be  surmounted  by  spindles  or  rods  of  about  30  inches 
in  height,  traversing  guides,  and  supporting  circular  leaden  weights,  each 
weight  having  a  slot  by  which  it  can  be  placed  on  its  support. 

Fig.  3  is  a  rear  view  of  the  apparatus,  showing  the  outline  of  the  end 
of  the  boiler  by  the  dotted  circle  B.  The  openings  of  the  interior  flues 
ky  ky  and  the  exterior  ones  tr,  ir",  as  well  as  that  of  the  fire-flue  y',  are 
also  severally  indicated  by  these  letters.  The  drying  apparatus  K,  and 
the  discharging  cock  H,  the  steam  pipe  m,  fit)m  the  drying  apparatus,  are 
refinred  to  in  the  above  description  of  fig.  I. 

Fig.  4,  plate  ii,  is  a  vertical  cross  section  through  the  water  tank  W, 
the  filling  apparatus  C,  the  boiler  B,  and  the  several  air  passages  and 
floes.  The  two  side  chambers,  by  which  the  air  finds  its  way  vrom  the 
fifont  to  the  rear  of  the  furnace,  are  indicated  by  SyS;  its  return  to  the 
fiout  at  the  level  of  the  ash-pit  is  marked  hy  z;  the  level  at  which  the 
thermometer  is  placed  to  show  the  temperature  of  the  air  on  arriving  at 
the  grate  is  marked  by  a,  though  the  tube  containing  it  would  not  be 
actusdly  cut  by  the  vertical  section  now  referred  to. 

The  thermomeler,  marking  the  temperature  of  the  water  in  the  cistern 
W, is  shown  at  t;  w  and  t^'  are  the  exterior  or  side  flues,  and  kyky  the  in- 
terior return  flues.  One  of  the  supporting  pillars  of  brick  (of  which  five 
vere  placed  under  the  length  of  the  boiler)  is  seen  in  the  middle  of  the 
flue  y,  y,  which  is  the  main  fire  flue  beneath  the  boiler. 

The  two  dotted  lines,  o,o,  and  w,w,  mark  the  levels  at  which  the  hori- 
lootal  sections,  figs  2  and  3,  plate  in,  are  respectively  taken. 

Plate  III,  fig.  ] ,  represents  a  vertical  longitudinal  section  through  the 
axis  of  the  boiler,  and  such  of  its  appendages  as  lie  in  that  vertical  plane. 
The  water  tank,  with  its  float,  the  filling  ai>paratus,  safety  valves,  water 
gaoge,  drying  apparatus,  thermometer  in  the  steam,  and  pipes  for  the  dis- 
eht^  of  steam,  are  all  indicated  by  the  same  letters  which  have  been 
employed  in  describing  them  in  preceding  figures. 

in  addition,  this  section  brings  into  view  the  air  passage  at  the  level  of 
the  ash-pit  z,  towards  which  the  current  of  warm  air  is  represented  by 
the  arrows  to  be  flowing  from  rear  to  firont 

It  also  shows  the  position  of  the  grate  G,  and  the  air  plate  p,  through 
which  a  part  of  the  current  of  air  is  represented  to  be  passing.  It  like- 
wise shows  the  subsequent  passage  of  the  products  of  combustion  beneath 
the  boiler  along  the  main  fire  flue  y,  in  which  the  pillars  of  brick  already 
mentioned  are  seen  at  q^q^q^ ?, 9.    The  entrance  of  the  gases  into  one  of 
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the  interior  flues,  A:,  is  marked  by  one  of  the  curved  arrows ;  and  its  exit, 
on  its  way  to  the  upper  or  gicle  flue,  by  another.  The  position  of  this 
upper  flue,  where  it  crosses  the  rear  end  of  the  boiler,  is  seen  at  w. 

At  i  is  seen  the  manner  in  which  the  small  iron  tube  (t)  is  inserted  into 
the  space  opposite  to  the  openings  of  the  interior  flues.  This  part  of  the 
apparatus  is  seen  enlarged  at  t',  where  the  enlargement  at  o  is  filled  with 
asbestos.  At  the  opposite  end,  the  chloride  of  calcium  tube,  r,  is  united 
with  t  by  the  usual  elastic  juncture.  At  a  is  a  cross  section  of  the  ther- 
mometer (a)  and  its  containing  tube.  This  section  shows  the  main  sup- 
ports of  the  boiler  to  be  the  fire-door  frame  at  the  front,  and  a  cross  bar  of 
cast  iron  (u)  near  the  rear  of  the  fiirnace. 

Fig.  2,  plate  iii,  is  a  horizontal  section  taken  a  little  above  the  level  of 
the  grate  at  the  height  indicated  by  the  line  o^o^  fig.  4,  plate  ii,  exhibiting 
the  perforated  air  plate  at  the  furnace  bridge,  with  the  closing  plate  ;^,  the 
air  passages  sSj  with  the  indications  of  currents  of  air.  The  position  of 
the  wet  and  dry  bulb  thermometers  in  the  opening  O,  beneath  the  hearth 
plate  in  front  of  the 'grate  G,  is  indicated  by  the  dotted  figures  e,  e'.  The 
progress  of  the  air  entering  below  the  hearth  at  O,  and  soon  after  turning 
to  the  right  and  left  through  passages,  indicated  by  the  arrows  g-,  gjg^gy 
into  the  chambers  s^Sj  and  thence  passing  in  a  united  current  first  to  the 
front  beneath  the  floor  of  the  fire  flue,  and  then  through  the  grate  and 
above  that  floor,  as  denoted  by  the  arrows  g\g\g\  is  presented  to  view  in 
this  section.  The  dotted  figure  of  the  thermometer  a  is  made  to  repre- 
sent its  position  beneath  the  bottom  of  the  flue  y. 

The  interior  of  the  chimney  stack  is  seen  at  S,  and  the  several  brick 
supports  of  the  boiler  at  9, 9,  q^  q,  q. 

Fig.  3,  plate  iii,  is  a  horizontal  section  taken  at  the  level  of  n,  77,  fig.  4, 
plate  II.  Besides  the  boiler  B,and  its  interior  fines  k,  A%  this  section  shows 
the  upper  portion  of  the  air  chambers  «,  s;  the  thermometer  fy  which 
marked  the  temperature  of  the  gases  escaping  to  the  chimney;  the  open- 
ings Wy  Wy  ?//,  tr",  by  which  the  upper  flues  and  the  chimney  were  reached, 
and  the  complete  circuit  of  the  air  in  five  difierent  directions.  This  last 
purpose  is  accomplished  by  means  of  the  difierent  degrees  of  strength 
given  to  the  lines  of  tlie  arrows,  and  by  the  number  of  accents  applied  to 
the  letters  attached  to  them.  Thus,  the  fainily>dotted  arrow  g  indicates 
the  current  as  flowing  beneath  the  fire  flue  to  reach  the  grate ;  g\g\  the 
same  air  returning  along  the  main  fire  flue  to  the  back  end  of  the  boiler ; 
g"'i^\  the  divided  current  traversing  the  two  interior  flues  ;  g"\  the  cur- 
rent as  it  passes  from  the  two  interior  flues  into  the  upper  and  exterior 
flues,  which  it  is  seen  to  traverse  to  its  point  of  exit  into  the  chimney  S. 

3.  Of  the  boiler  and  its  appurtenances. 

The  boiler  employed  in  these  experiments  is  cylindrical  in  form,  30 
feet  in  length,  3^  feet  in  diameter,  and  having  near  its  lower  arch  two  in- 
terior return  flues  each  of  10  inches  interior  diameter.  The  heads  are  flat, 
of  wrought  iron,  and  are  securely  stayed  to  the  upper  shell  by  oblique 
bolts.  The  boiler  is  furnished  with  two  safety  valves  loaded  directly ; 
that  is,  without  the  intervention  of  a  lever.  Each  valve  has  a  lower  base 
about  three  inches  in  diameter,  and,  consequently,  an  area  of  about  7 
square  inches.*    Of  these  two  valves,  that  represented  at  V,  fig.  1,  plate 

*  The  true  value  of  the  lower  bage  of  V  was  6.975,  and  that  of  V  7.163  square  inches.    The 
upper  bofic  of  t/te  fanner  was  9.73 }  that  of  the  latler,  9.68  aquare  inchet. 
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n,near  the  front  end,  is  connected  with  a  tube  E,  for  the  escape  of  steam 
leading  into  the  chimney,  where  its  orifice  is  turned  upwards. 

Tbe  other  Taive,y',  is  connected  with  an  escape  tube  leading  to  the  copper 
iffing  apparatus  K,  (fig.  1,  plate  in,)  and  thence  passing  horizontally 
tbfoagh  the  side  of  the  building  into  the  open  air. 

At  M,  (fig.  I,  plate  iii,)  is  seen  the  man  hole,  affording  admittance  to  the 
interior  of  the  boiler. 

At  Y,  is  an  iron  tube  closed  at  bottom  and  open  at  top,  to  contain  oil, 
and  in  which  is  placed  the  thermometer  /,  by  which  the  temperature  of 
the  steam  is  ascertained. 

At  /,  is  a  wrought-iron  pipe  leading  from  the  steam  chamber  to  the  ma- 
nometer. A  stop-cock  cuts  off,  when  required,  the  communication  be- 
tween the  boiler  and  the  manometer. 

At  the  furnace  end  of  the  boiler,  is  the  glass  water-gauge  G,  furnished 
vith  stop-cocks  to  cut  off,  when  necessary,  its  communication  with  the 
boiler. 

The  centre  of  the  water-gauge  is  6  inches  below  the  upper  interior  arch 
of  the  boiler. 

Near  the  water-gauge  are  placed  two  gauge-cocks,  c,  c,  (fig.  2,  plate  ii) — 
one  aboTe,  and  the  other  below  the  level  just  referred  to. 

At  its  front  end,  the  boiler  rests  on  the  cast  iron  frame  containing  the 
fire  aud  ash  pit  doors  ;  and  at  the  opposite  end,  on  a  strong  cast  iron  bar 
suppoited  at  its  two  ends  in  the  side  walls  of  the  furnace.  Besides  these 
two  principal  supports,  it  has  five  supports  of  brick,  4  feet  apart,  resting  on 
the  cast  iron  floor  of  the  flue  below,  each  of  the  size  of  a  single  brick  laid 
flatwise  on  its  side,  and  lengthwise  in  the  longitudinal  direction  of  the 
boiler.  These  supports,  and  other  arrangements  in  regard  to  the  setting 
of  the  boiler,  will  be  understood  by  reference  to  the  vertical  longitudinal 
section,  fig.  1;  the  plan  fig.  2,  plate  iii;  and  to  the  vertical  cross  section, 
if.  4,  plate  ii ;  in  all  of  which  they  are  designated  by  q. 

The  arrangement  of  the  several  flues,  and  the  directions  pursued  by 
the  products  of  combustion,  from  the  time  of  leaving  the  grate  till  they 
srire  at  the  base  of  the  stack,  will  be  also  perceived  on  examining  the 
same  figures,  together  with  the  plan  fig.  3,  plate  iii,  taken  at  the  level  of 
(he  upper  or  external  flues,  by  which  the  air  eventually  reached  the  stack. 

k  will  be  observed  on  the  transverse  vertical  section,  that  the  walls  en- 
dosing  the  furnace  and  boiler  are  double,  containing  between  them  air- 
diambers,  «,^,  running  the  whole  length  of  the  boiler,  and  serving  to 
coarey  the  air  from  the  front  to  the  rear  of  the  structure.  Having  passed 
ilong  these  two  chambers  in  a  divided  current,  and  become  warmed  by 
^  heat  passing  through  the  inner  walls,  which  are  13  inches  thick,  it 
toned  downward  to  the  level  of  the  ash-pit,  and  came  in  a  single  current 
through  the  passage  Z,  (fig.  4,  plate  ii,)  immediately  beneath  the  main 
ibroace-flue  y,  until  it  arrived  at  the  rear  of  the  grate.  Here  it  entered 
A«  fire,  passing  either  wholly  through  the  fuel  on  the  bars,  or,  in  part, 
thiough  the  "  air  plate" />,  (figs.  1  and  2,  plate  iii.) 

Having  passed  the  grate,  the  air,  with  the  products  of  combustion,  first 
fssses  horizontally  beneath  the  lower  arch  of  the  boiler  to  the  rear,  thence 
RCnms  in  a  divided  current  through  the  two  interior  return  flues,  /r,  Ar, 
(%  4>  plate  II,)  to  the  front;  afler  which,  it  either  passes  through  the 
opening  of  the  "  lower  damper ^^^  dy  (plate  ii,  fig.  2,)  into  the  chimney, 
€C|  when  that  is  closed^  and  the  ^'  upper  damper ^^  d^  is  opened,  it  ascend^ 
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from  the  ends  of  the  two  return  flues  into  the  left-hand  exterior  flue  m»; 
passes  along  it,  in  a  united  current,  once  more  to  the  rear  of  the  boiler; 
crosses  (he  end,  still  at  the  same  level,  and  enters  the  ri^ht-hand  exterior 
flue,  which  it  traverses  till  it  readies  the  exit  flue,  by  which  it  Anally  ar- 
rives at  the  chimney,  3;  entering  the  latter  at  a  level  only  14  inches  higher 
than  when  it  passed  by  the  other  exit  flue  through  the  lower  damper. 

From  this  descripliou,  it  will  be  observed  that  the  air  which  supplies 
the  combustion  passes  first  into  a  chamber  beneath  the  ash-pit,  about  7 
feet  long,  and  3  feet  3  inches  wide,  along  the  sides  of  which  are  sev- 
eral openings,  by  wbich  it  finds  its  way  into  the  two  longitudinal  side 
chatnbers,  30  feet  long,  6  feet  high,  and  9  inches  wide,  between  the  two 
side  walls;  and  having  arrived,  by  these,  at  the  rear  of  the  boiler,  passes 
25  feet  beneath  the  flue,  arriving  at  the  centre  of  the  grate  after  a  course  of 
60.5  feet.  Thence  a  course  of  58.5  feet  brings  the  products  of  combustion 
to  the  aperture  through  the  passage,  by  the  lower  damper,  into  the  chim- 
ney; and  of  62.5  feet  farther,  or  121  feet  from  the  centre  of  the  grate,  to 
the  point  where  they  finally  quit  the  boiler  by  the  exterior  flue.  The  part 
of  the  lower  arch  of  the  boiler,  exposed  to  the  action  of  heat,  is  130  square 
feet,  and  that  of  the  two  return  flues  is  157  square  feet;  so  that  when  the 
combusti^m  was  conducted  by  allowing  the  products  to  make  their  exit 
through  the  lower  passage,  or  after  passing  twice  the  length  of  the  boiler, 
the  heated  surface  was  287  square  feet.  The  boiler  surface  exposed  in  the 
exterior  flue,  or  second  circuit,  is  90.5  feet;  making  the  entire  surface, 
when  the  products  traversed  four  times  the  length  of  the  boiler,  377.5 
sqnare  feeL  The  grate  being  5  feet  long,  and  3  foet  3  inches  wide,  when 
at  its  full  dimensions,  its  area  was  16.25  square  feet ;  and  the  ratio  of  the 
grate  surface  to  the  heated  surface,  when  the  combustion  was  carried  on 
through  the  lower  damper,  was  1 :  17  66 ;  when  through  the  upper  damper, 
making  the  circuit  121  fcet'long,  this  ratio  was  1 :  23.23. 

When  the  air-plate  bridge  was  introduced,  it  corered  S  inches  of  the 
length  of  the  grate,  reducing  its  area  to  I4.U7  square  feet,  and  increasing 
the  ratio  of  heated  to  grate  surface  to  ',}\i  =26.83  to  1. 

During  a  few  trials  the  grale  was  still  farther  reduced  in  area  by  the  in- 
troduction, at  the  front  end  next  to  the  fire  doors,  of  a  plate  of  iron  3  feet 
3  inches  long,  1 1|  inches  wide,  and  one-fourth  of  an  inch  thick.  This  is 
termed  the  "  coking  pla(e"  and  was  used  while  burning  some  of  the  sam- 
ples of  bituminous  coal,  which  were  so  fine  that  large  portions  were  liable 
to  pass  through  the  grate.  With  this  plate  in  place,  and  the  air  plate  in 
its  usual  position,  the  size  of  the  grate  was  reduced  to  11.375  square  feet, 
and  the  heated  10  the  grate  surface  increased  to  ^V^t'i  =  33.18  to  1. 

On  one  occasion,  instead  of  contracting  the  area  of  the  grate  by  means 
of  the  coking  plate,  it  was  diminished  by  placing  a  row  of  bricks  flatwise 
along  each  side  of  the  furnace,  reducing  the  grate  surface  to  10.291  square 
feet,  and  the  ratio  of  heated  to  sTate  surfece  to  ^Vi/t  =  36.68  to  1. 

The  grate  was,  in  general,  about  9  inches  at  the  front,  and  lOinches  at 
the  back  end,  below  the  lower  arch  of  the  boiler.  On  one  or  two  occa- 
sions, however,  which  are  noted  in  the  tables  of  experiments,  it  was  varied 
a  little  from  this  distance;  but  as  no  advantage  appeared  to  attend  the 
change,  it  was  restored  to  this,  as  the  most  convenient  working  diiitance 
for  all  the  varieties  of  fuel  employed. 

The  grate  bars  used  were  three-fourths  of  an  inch  thick,  and  the  spaces 
between  them  half  an  inch  wide.    They  were  supported  at  the  centre,  as 


f 
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veil  as  at  each  end,  by  a  cast-iron  bar  2^  inches  thick,  and  4  inches  deep. 

H«iee,when  the  grate  was  at  its  full  size,  the  total  amount  of  air  passages 

ibioufh  the  grate  was  nearly  5f  square  feet 
The  interior  capacity  of  tne  boiler  was  such  as  to  contain,  when  filled 

tolhe  centre  of  the  gauge-tube,  or  normal  level  of  the  experiments,  with 
vaier  of  66^  temperature,  12,795  lbs.  This  is  the  result  of  an  experiment 
made  after  clearing  out  and  wiping  dry  the  interior  of  the  boiler,  and  re- 
filing it  through  the  measuring  cistern.  Of  this  quantity,  493  pounds 
voe  then  withdrawn,  leaving  12,302  pounds,  filling  the  boiler  to  within 
1.1  inch  of  the  normal  level.  On  subsequently  heating  this  to  230^,  the 
witer  in  the  gauge,  after  taking  all  due  precaution  to  withdraw  the  cold 
vater  from  the  glass  tube,  and  filling  it  with  that  which  was  hot,  stood 
onoe  more  at  the  normal  level.  Hence  the  apparent  expansion  of  water  in 
in»  by  an  addition  of  164  degrees  of  heat,  is  Univalent  to  tHIy  =  0.0407, 
or  a  little  more  than  one  twenty-fifth  part  of  its  bulk  at  66.^* 

4.  Supply  of  water. 

The  supply  of  water  to  the  boiler  was  efiected  by  means  of  the  apparatus 
and  hand  gears  seen  at  c,  fig.  I,  plate  ii.  From  the  tank  or  cistern  W, 
the  upper  stop-cock  g  allowed  the  water  to  descend  into  the  intermediate 
nnall  iron  cistern  C.  When  this  cistern  was  full,  the  opening  of  the  cock 
k  aitowed  the  steam  from  the  boiler  to  act  on  the  upper  surface  of  the  wa- 
ter in  C ;  the  first  cock  g  being  then,  of  course,  closed.  The  opening  of 
I  third  cock  g\  at  the  bottom  of  the  cistern  C,now  permitted  the  water  to 
descend  into  the  boiler,  while  its  place  became  occupied  by  steam.  On 
dosiDg  the  cocks  g'  and  A,  and  once  moie  opening  the  upper  cock  g,  wa- 
ter instantly  followed,  condensing  the  steam  and  occupying  its  place. 
The  apparatus  was  then  in  a  condition  to  repeat  the  supply  whenever  the 
exigencies  of  the  boiler  demanded.  Whenever  a  ^e^  of  observations  was 
ude,  it  was  with  the  intermediate  cistern  C  full. 

The  laVge  tank  W  f  which  was  5  feet  and  ^  inch  on  one  side  of  its  base, 
4fBet  1L4  inches  on  the  other,  and  3^  feet  deep)  contained,  when  filled  to 
itsnsaal  height,  about  5,1 10  lbs.  of  water.  A  float  board  rested  on  the  sur- 
iet  of  the  water,  and  carried  a  light  wooden  rod  v,  passing  through  two 
{Hides,  (as  seen  in  plate  ii,  fig.  1.)  On  this  rod  were  marked  the  weights 
rfwater  contained  in  the  cistern  at  difierent  heights.  The  graduation  of 
Us  scale  was  effected  by  actually  weighing  into  the  cistern  successive 
IQitiDns  of  100  lbs.  of  water,  and  marking  the  point  indicated  on  the  rod 

*TW  obserrationt  made  on  the  eredual  rise  of  temperature,  and  the  correspondent  weights  of 
mtt  which  il  had  taken  to  fill  the  ooiler,  a«  much  as  Uie  expansion  by  heat  now  did,  gave  the 
UnriDg  tAble: 

n«M   M*  to  114|*,  viz :  489.5,  the  increase  wat  equivalent  to  the  bulk  of  09  Ibi.  at  K9,  or   1.43  Ihs. 
1144  to  149         "     W».li,  "  81    "  or  3.3d   " 

149    to  180         "     81  "  "  97    "  or  3.13    " 

180     to  907         "     37  "  "86    "  or   8.18    " 

907     toSSS  "     I«  "  "89    "  or   A.66    " 

999     to  310         *'       7  "  "71    "  or  10.14   " 

Mi  great  increase  in  the  rate  of  expansion  of  water  above  the  boiling  point,  being  nearly  7] 
I  great  in  the  range  of  the  last  7  degrees  as  in  the  first  stage  of  40°,  may  probably  possess 
lereat  beyond  that  which  attaches  to  it  as  a  means  of  correcting  the  results  of  certain  obser^ 
taken  during  this  research.  The  subject  has  not,  to  my  knowledge^  attracted  miirh  attcn- 
ong  experimenters.  It  will  be  remarked,  that  this  rapid  augmentation  of  the  rate  of  dila- 
i  of  water  in  iron,  is  not  prevented  by  the  conversion,  at  the  same  time,  of  a  considerable 
*'    of  water  into  steam  or  a  high  dennty. 


14  Doc.  No.  276 

bv  a  fixed  brass  band  attached  to  one  of  the  guides.    This  weighing  took 
place  when  the  water  was  at  a  temperatare  of  68^.   A  careful  re-examination 
of  the  same  gauge,  when  the  water  weighed  was  at  66^,  showed  that  within 
these  limits  no  appreciable  difference  of  measurement,  due  to  difference  of 
temperature  in  the  water,  could  be  found  while  filling  in  2,500  lbs.  of  water. 
The  expansion  of  the  materials  of  the  cistern  in  this  part  of  the  scale  was, 
therefore,  inferred  to  be  equivalent  to  that  of  the  water  which  it  contained. 
By  the  experiments  of  Count  Rumford,  the  expansion  of  water  between 
the  freezing  point  and  the  highest  temperature  at  which  water  was  deliv- 
ered to  the  boiler  in  any  of  these  trials,  (say  about  88^,)  is  only  7.66  parts 
in  2,000,  or  0.38  of  one  per  cent  The  lowest  temperature  of  water  in  the 
tank,  which  will  be  found  recorded  in  any  of  the  tables,  is  40® ;  near 
which  point  it  is  known  water  is  at  its  maximum  density;  and  fiom 
which  point  to  60^,  the  expansion  is  also  known  to  be  no  more  than 
0.00008  of  the  whole  volume  at  the  former  temperature.     Hence,  for 
all  temperatures  below  that  at  which  the  water  was  weighed  into  the  cis- 
tern, and  the  float-rod  gauged,  any  error  from  the  difference  of  tempera- 
ture in  water  is  absolutely  insignificant.     In  order  to  bring  the  upper  part 
of  the  scale  to  an  experimental  test,  I  partly  filled  the  cistern  with  water 
at  40^  temperature,  until  the  gauge-rod  marked  3,700  lbs.    To  these  were 
added  successive  carefully  weighed  portions  of  60  lbs.  each  of  water,  at  a 
mean  temperature  of  190®.    After  each  addition,  the  temperature  was  as- 
certained ;  the  water  being  first  thoroughly  mixed,  to  obtain  a  uniform  tem- 
perature throughout. 

After  the  tenth  addition,  the  temperature  was  exactly  68°,  and  the  gauge 
marked  accurately  4,200  lbs. 

After  the  twentieth  addition,  the  temperature  stood  at  72°,  and  the  gauge 
marked  4,713  lbs.,  showing  the  expansion  to  be  -nWvv  ^^  ^^^  whole,  or 
0.276  of  one  per  cent. 

After  the  thirtieth  addition,  the  gauge  marked  6,221  lbs.,  and  the  tern* 
perature  had  risen  to  82<^.26.  Hence  the  dilatation  had  been  very  nearly 
0.4  of  one  per  cent. 

From  the  series  of  experiments  just  referred  to,  a  scale  of  coefiicients 
for  correction  was  constructed,  by  which  the  apparent  weight  read  upon 
the  gauge-rod  is  reduced  to  the  real  weight  of  water  which  passed  into  the 
boiler.  But,  as  already  seen,  no  correction  of  this  kind  is  really  needed, 
except  when  the  temperature  exceeded  66^. 

The  following  table  shows  the  average  temperature  of  water  in  the  cis^ 
tern,  with  the  proportion  which  the  actual  weight  of  water,  in  eaeh  cnsi  i 
bore  to  the  apparent  weight  delivered  to  the  boiler.  After  the  computation  i 
of  water  to  1  of  coal  from  initial  temperature  had  been  made,  this  c(»rectioa  . 
was  applied,  and  furnished  the  line  numbered  40  in  the  tables  of  dedue^  ^ 
tions,  and  styled  "  water  to  1  ofcoal^  corrected  for  temperature  o/tmiter  iti  « 
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tf  eo-efflcienis  for  correcting  the  weight  of  water  delivered  to  the  boiler 

at  different  temperatures. 


Temperature. 

Ratio  of  actual  to  appaient 

weight  of  water. 

6SO 

1.0000 

65 

0.9985 

70 

0.9977 

76 

0.9969 

80 

0.9963 

85 

0.9967 

90 

0.9963 

1]  as  is  the  correction  required  by  the  cause  now  under  considera- 
has  not  been  deemed  expedient  .to  omit  the  estimation  of  its  effi* 
in  modifying  the  results. 

6.  Drying  apparatus  connected  with  the  steam  boiter. 

I  apparatus  had  for  its  object  the  determination  of  the  hygrometric 
.er  of  the  several  coals;  and  from  this  the  loss  which  each  sustains 
bustible  matter  and  in  useful  effect,  from  evaporating  water  out  of 
a  mass,  instead  of  the  steam-boiler.  It  will  readily  be  perceived 
e  weight  of  water  in  any  species  of  fuel  is  &r  different  in  its  infiu* 
lom  an  equal  weight  of  incombustible  earthy  residuum ;  for  the 
lerely  detracts  so  much  from  the  weight  of  the  raw  material,  while 
ner  is  not  only  useless  in  regard  to  the  production  of  heat,  but  ah- 
f  absorbs  both  the  latent  and  sensible  heat  of  steam,  and  carries 
3  chimney  not  only  as  much  heat  as  would  accompany  the  same 
of  vapor  from  the  boiler,  but  also  the  sensible  heat  in  excess  above 
the  steam,  as  indicated  by  the  thermometer  which  marked  the 
Oure  of  the  escaping  gases.* 

6.   Of  the  manometer y  or  mercuricd  steam-gauge. 

I  apparatus  is  seen  at  M,  fig.  1,  plate  n. 

st  iron  cup  of  a  cylindrical  form,  half  an  inch  thick,  about  8  inches 
*  diameter,  has  a  lid  of  the  same  material  and  thickness,  accurately 
y  grinding  to  the  upper  rim,  and  kept  in  place  by  a  pair  of  wrought- 
jrupe  passing  under  the  bottom  of  the  cup,  and  retained  in  close 
the  lid  by  set-screws  beneath  the  bottom.    Through  a  hole 


B  ratio  of  the  moistara  to  the  total  weight  of  eoel  he  r,  and  the  ratio  of  the  aehee  be  a, 
the  really  combustible  matter  be  repreaented  by  1  >air.  And  if  <  be  the  latent  heat  of 
219P,  <  the  temperature  at  which  toe  iuel  ia  oupplied  to  the  grate,  axul  tf  that  at  which 
QCta  of  combustion  leave  the  boiler,  then  l-\-(f — t)  wiD  be  the  whole  mmiber  of  digrees 
Morbed  by  the  moisture  of  the  fuel,  and  r^H-(r — ())  w31  be  the  qwmHhf  ^  heat  applied 

1  which  is,  of  course,  so  much  detraeled  nom  the  useful  effect  afmlioable  to  the  boiler. 
Uea  of  deductions  are  given  the  amoonUi  of  water  fe  1  ^  combrutwte,  from  21SP.  The 
mT  water  to  1  of  iuel,  loler  deductiqe  the  ashes,  ia  there  calculated  on  the  suppoaition 
vater  receives  only  latent  heat.  If  vfht  the  tabular  weight  of  water  to  1  of  combustible, 
zr  to  the  amount  of  heat  supplied  by  one  part  of  coal,  mcluding  its  moisture,  but  exelu- 
aahea.    Hence  the  whole  quantity  of  heat  developed  and  applied  to  the  production  of 

rone  part  of  the  fuel,  inbimung,  h  l»(l-^>+r(H<r-l));  and  K1-— )-Hr-K<^— <) 
I  quantity  of  heat  ftom  1  of  true  eamkuMU. 
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lA  tiyt  <«&tre  of  the  lid,  powcs  a  gbsi  tobe  open  at  bottom,  but  hermeti- 
(■^  c^«*^  ^  y_    li  i,  firaily  ceoneoted  into  the  lid,  and  descends  nearly 


to  tr.^  bca-xD  of  the  cop,  thioiigh  the  meicary  therein  contained.  The 
cup  3  '-.ocMcted  with  the  top  of  the  boiler,  near  its  front  end,  by  the 
^nr-'Cz^.i-irr.Q  mi;^  i^  aboot  15  feet  long.  This  tube  traverses  a  boaid  par- 
tier- l.  ':oQsatDUag  one  side  of  a  small  separate  apartment  or  office,  which 
conf<i|Ti<nUi'  insulates  the  manometer  and  other  apparatus  from  all  direct 
radiitijQ  from  the  fuinace. 

Tb«  cup  rests  on  a  vooden  transverse  support  crossing  the  apartment 
Act3rrre>l  to  this  is  a  frame  supporting  the  scale,of  boxwocHi,on  which  the 
grad'iatiocs  of  the  instrument  are  placed.  On  one  side  of  the  tube  are 
niarke-i  on  the  scale  the  heights  above  the  original  level  of  mercury  in 
the  cap.  expressed  not  in  inches,  but  in  parU  of  an  atmosphere  of  30 
inches  in  height  On  the  other  side  is  placed  a  set  of  divisions,  com- 
mencicg  from  the  top  of  the  tube,  and  representing  equal  portions  of  its 
interior  capacity,  or  voimmes  of  the  air  which  it  contains. 

A  thin  sliding  band  of  brass  embraces  the  scale,  and  carries  on  its  front 
a  ring  which  encircles  the  tube,  and.  having  its  upper  edge  on  a  level  with 
that  of  the  band,  serves  to  guide  the  eye  in  noting  the  level  of  mercury 
in  the  tube,  and  marking  its  correspondence  with  the  two  graduations 
just  reterred  to. 

The  total  length  of  the  tube  is  32.25  inches.  Its  interior  capacity  was 
divided  by  filling  it  with  successive  equal  weighed  portions  of  mercury, 
and  marking  on  the  glass  the  volumes  thus  indicated. 

The  whole  tube  contained  10.9116  volumes;  and  when  first  inserted 
in  its  place,  it  was  filled  with  air  thoroughly  dried  at  a  temperature  of  39^, 
and  when  the  barometer  was  at  30.03  inches. 

As  the  tempf^ratnre  rose  with  the  advance  of  the  season,  the  expansion 
caused,  in  the  intervals  of  experiments,  three  successive  discharges  of 
air.  notwithstanding  the  column  of  mercury  in  the  cup,  which  was  1.127 
inch  above  the  lower  extremity.  The  first  escape  took  place  after  the 
first  day^s  experimenting,  and  reduced  the  remaining  bulk  of  air  to  10.2433 
volumes  when  under  a  pressure  of  30  inches  of  mercury  at  32^. 

The  second  escape  took  place  after  35  days,  (that  is,  on  the  27th  of 
May.)  and  reduced  the  remaining  volumes  to  9.3038  at  the  same  pressure 
and  temperature. 

The  third  escape  took  place  on  the  16th  of  June,  in  consequence  of  a 
partial  vacuum  formed  in  the  boiler,  by  admitting  a  large  quantity  of  cold 
water,  after  having  blown  out  its  contents  for  the  purpose  of  cleansing. 
This  discharge  reduced  the  remaining  volumes  to  4.1624  at  the  temper- 
ature of  32^  and  pressure  of  30  inches.  It  placed  the  manometer  beyond 
all  danger  of  further  loss,  and  the  bulk  of  air  remained  without  variation 
to  the  end  of  the  series  of  experiments. 

Near  the  manometer,  and  at  the  same  level,  was  suspended  a  barometer 
of  the  ordinary  construction. 

The  two  instruments  were  about  12  feet  above  mean  tide  water.  The 
barometer  had  a  thermometer  attached,  which  was  regarded  as  indicating 
the  tomperaturo  of  the  merctiry  and  air  of  the  manometer,  as  well  as  <2 
the  barometer  itself. 

As  the  iron  conducting-tube  /  was  carried  almost  exactly  on  a  level,  or 
with  a  slight  inclination  only  towards  the  manometer,  fma  the  curral 
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prvtioD  near  the  boiler,  it  contained  no  appreciable  head  of  water  which 
could  sensibly  a£fect  the  pressure  in  the  latter. 

Tb«  iv'ater  within  it  remained  cold,  except  for  a  short  distance— say  2 
orSteecof  tlic  portion  near  thebmier. 

The  manometer  served  not  only  to  mark  the  varhtfinns  of  pressure  of 
sieun  from  one  observation  to  another,  but  also  to  calculate  the  absolute 
pressures*  in  atmospheres,  as  well  as  in  pounds  per  square  inch. 


"To  f.f^ri  thin  calculation,  let  p  be  the  obRrrrcd  height  of  the  hAmmeter  in  parts  of  an  atmo- 
tften  of  30  inches  of  mercury,  and  let  |i*  be  the  equivalent  weight  or  height  !f  column  of  mer- 
cury, it  329. 

Sbee  mercury  expands ^ih  part  of  its  volume  by  P  Fahrenheit,  therefore  will  p'  =:::p 

IT—. 1 ;  I  being  the  temperature  marked  by  the  attached  thermometer  at  the  time  of 

W!*U-(I— 3i)/ 

T!  •  rairrotiry  descended  in  the  cup  of  the  mnnometcr  one-hundredth  part  as  much  as  it  ascend- 
fdiR  the  iul)c.  Hence  if  ft  Ih*  the  bright  (in  parts  of  an  atmoaphcrc)  observed  in  that  instrument, 

l-.«.!4  wiJl  he  Ihe  height  Rbi>vo  the  c.xi^ling  level  in  the  cup,  and  (fc-f.Olfc)  X  (  -  —^ \ 

vd  t*  th«;  height  of  the  same  column  reduced  to  a  temperature  of  320.  This  may  Ik;  rei»resented 

Wii#n  no  nteam  was  in  the  Iwiler,  and  its  interior  was  open  to  the  air,  it  is  evidpni  that  the 
TRSziin^  force  exerted  on  the  air  contained  in  the  manometer  wtui  equivalent  to  the  difference 


bitveen  n*  and  4';  or,  in  terms  of  the  observed  data,  it  is  =  «/ ??'*^i! \  —  i  (h4-Mh) 

V  i' zz^ )Y    This  quantity,  which  represents  the  chwtic  force  of  the  air  within  the 

r*s«r.ie!er  when  unnffected  by  tlie  pressure  of  steam,  enables  us  to  reduce  the  o^werved  ^'olumes 
■ '  aj  ii>  the  bulk  which  iliey  would  putut-iis  under  the  prcHsurc  of  an  atinobphcrc  of  30  incites 
'/  MTcury  at  33^. 
1.  Ltt  lie  obaerved  volume  l»e  railed  V.    Then,  as  at  the  temperature  /  it  will  be  irrraier  than 
r     ttl^fits  bulk  at  the  latter  temperature  may  be  represented  by  K'.   From  the  generulty  rereived 

.     a;»»o„  of  lur  by  hen.,  V  =  r(.__^^_  ^). 

I  1  Having  obtained  thf  htUk  and  elnf>ticity  of  the  enclosed  air  at  33^,  under  its  actual  tension, 
ve^in,  by  the  well-known  law  of  Manotte,  its  volume  when  reduced  to  the  tcn.<<iiin  of  one 
DMii^ere  at  the  same  ti'mperalure.    Thus,  1  :  p' — h'  ::  F'  :  V'^pf — A'). 

TV  volume  thus  calculated  fur  unity  rif  prt^snrc  and  a  st«indurd  tempr'rature,  may  l>e  com|iared 
viAibe  volume  observed  in  the  same  ma>«s  of  air  when  subjected  to  the  pressure  of  steam;  but 
itMBt  firf>t  be  corrected  for  temperature  at  the  time  of  such  olwervation.  Thus,  let  I  be  the 
vpcnture  of  the  attached  thermometer,  observed  when  the  manometer  is  subjected  to  a  pres- 
^  c^  steam ;  let  //  he  the  height  of  the  column  of  mercury  siinuluuieously  observed,  and  v 
li  vokune  of  contained  air  at  the  same  time ;  then  the  equivalent  of  i/,  (u>rrected  for  depression 
^BBcoiy  in  the  cup,  and  reduced  to  a  temperature  of  3;20,  may  be  represented  by  It.  And  by 

hmmt  principle  as  above  adopted,  /f  =  (/ff  .Olf/)  X  (ayyo^^^)* 

If  the  law  already  cited,  t'  =  vf I,  where  v'  is  the  volume  which  the  compressed 

^  \4j<a-Kf— 82)/  ' 

ttviokl  haye,  if  brought  to  32°.    The  elasticities  being  inversely  as  the  volumes,  we  have 

li&j  to  the  last  result  the  corrected  height  of  the  mercurial  column  /f ,  we  obtain  P  x'^-    ' 

-^iv  the  preamire  of  steam  in  atmospheres  above  a  vacuum.  Deducting  unity,  and  multi- 
Pfiaftyy  14  i6d,  tthe  weight  in  pound.^  avoirdupois  of  a  column  of  mercury  havm^  a  basi;  of 
iBf^osie  inch  ana  a  height  of  30  inches  at  320,)  we  have  the  mrcssure  of  steam  in  pounds  annv' 
difaiflUw  one  atmoxphtrr.    Calling  this  pressure  F,  the  formula  takes  the  form — 

F=:  14.768  X  ((^■*  X  ^^)  +  /i*— l)- 

^  following:  esuimpic  may  illustrate  the  application  of  the  alcove  fonnula,  l>oth  to  the  finding 
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It  has  not  been  deemed  necessary  to  calculate  every  observation  tfcrpS' 
rately,  but  only  to  give  the  mean  pressure  during  the  period  of  each  day 
in  which  it  was  as6ertained  to  have  been  nearly  uniform. 

The  extreme  sensibility  and  perfect  security  of  the  manometer  a»  m 
measure  of  the  pressure  of  steam  in  a  high-pressure  steam  boiler,  as 
proved  by  my  own  experiments  both  before  and  since  the  c^mmencemeirt 
of  researches  on  coal,  and  as  well  under  more  than  200  pounds  to  the 

of  the  volume  of  the  included  air  reduced  to  the  standard  temperature  and  pressure,  and  to  the 
determination  of  the  mean  pressure  of  steam,  io  atmospheres  and  in  pounds : 

On  the  28th  of  June,  during  an  experiment  on  Beaver  Meadow  anthracite,  the  height  of  the 
mercurial  column  in  the  manometer,  before  raising  steam,  was  .348  atmosphere,  the  correspond^ 
ing  volumes  of  air  7.08.    The  barometer  stood  exactly  at  30  inches,  and  the  attached  thermooH 

ctcr  at  790 ;  or,  p  =  1.0000,  /— 32  =  47°:  consequently,  p*  =  ^^^^  X  1  =  -99^  =  ^ 
barometric  pressure  reduced  to  32^.    h  =  .348,  and  .OU  =  .00348 ;  so  that  V  =  (fc  4-  .OU)  X 

^^^^  ^\  =  .35148  X  -^^  =  -34984,  =  the  corrected  height  of  mercury  in  manometer. 

9990+(— 32I  '^10037  '  *  ' 

Hence  p'—h'  =  .99534  —  .34984  =  .64550  ^  the  elasticity  of  the  mduded  air. 

r  is  by  observation  7.08.    Hence  V*  =  7.08  X  —  =  6.4485  ==  the  bulk  onder  the  mime  ten' 
'  •  527 

flionif  reduced  to  32^.  From  these  data,  1  :  0.6455  ::  6.4485  :  4.1627  ^  the  vokiiM  of  included 
air  reduced  to  32^  and  30  inches,  or  nniiy  of  prasure. 

During  the  projE^ress  of  the  experiment,  the  period  of  steady  pressure  lasted  from  10  a.  m.  Uf 

5.30  p.  m.,  in  which  were  made  nfteen  sets  of  observations,  ^hese  give,  for  the  mean  temperatur* 

of  the  attached  thermometer,  8IO  z=  T;  for  the  mean  height,  //=  .5358 ;  and  for  the  mean  toP 

ume  of  air,  «  =  5.213:  consequenUy,  7—32  =  49,  H  +  .0]H==:  .54116,  and  /r=  .M116X 

9990 

=  .53853  =  the  corrected  height  of  mercury  in  manometer,  for  this  period,    v'  =:  5.21S 

X  —  =  4.7301  =  the  volumes  under  the  same  preslrare,  had  the  temperature  been  320. 

Again:  as  P  (y—h')  =  4.1627,  ^0*'—*')  =  4.1627  -^  4.7301,=  .88002}  to  which  adding 

ff  z=  .53853,  we  obtain  for  the  total  pressure  of  steam  above  a  vacnum,  1.4185S  atmoapherea 
Deducting  unity  and  multiplying  by  14.768,  we  get  6.1812  pounds  as  the  mean  presswre  abov» 
an  atmosphere  during  that  dny*s  operations. 

It  is  to  be  observed  that  an  opportimity  was  not  every  day  afforded  for  verifying  the  tnie  toI* 
ume  of  air  in  the  manometer.  The  boiler  oAen  contained,  in  the  morning,  steam  of  considerabla 
tension  from  the  preceding  day^s  operations.  By  means,  however,  of  verifications  made  on  ser* 
enteen  different  days,  after  the  16in  of  June,  it  was  ascertained  that  the  calculations  afforded  s 
mean  of  4.1625  as  the  volumes  of  the  remaining  air  under  standard  tempeiature  and  preaaura. 
It  will  also  be  noted,  that  the  expansion  of  air  by  1^  Fahrenheit  increase  of  temperatare,  ia  as- 
sumed to  be       th  of  its  bulk  at  32^.    This  is  the  received  determination  of  Ghiy  LoMac,  Dol- 

480  ' 

ton,  and  Crichton.  The  more  recent  experiments  of  Rndberg,  Magnus,  and  Regnaalt,  conear  ia 

fixing  it  at  about  —  d  part  of  the  same  bulk.    A  few  of  the  observations  in  this  refearch  bavi 

been  calculated  according  to  both  these  bases,  but  it  will  be  seen  that  the  differences  thence  r»» 
suiting  are  practically  unimportant 

It  is  proper  to  state,  that,  in  calculating  the  bulk  of  air  in  the  manometer,  no  aoconnt  baa  bees 
taken  of  the  expansions  of  the  tube  itself;  the  reuBson  of  which  is,  that  the  quantity  would  havt 
1)een  too  minute  to  be  recognised  in  the  observations.  By  the  mean  of  ten  determinations,  by 
different  cxperimentera,  of  tlie  expansion  of  glass  by  heat,  its  increase  in  volume  by  iin  Bagmea* 

.tation  of  180^  of  heat  is  equal  to  -Lth  part  of  its  bulk  at  32^}  and  this  for  1<>  is      ^    th  paif^ 

394     '^  70920     ^ 

The  liighcst  temperature  observed  in  the  attached  thermometer  was  96^.  Hence  the  proportioB 
of  the -whole  mmartnt  volume  of  air,  which  could  have  been  affected  by  this  cause  of  error,  miiift 

have  been  only  ^"""'^  =         th  of  its  bulk  at  32P;  while,  during  the  progress  of  the  reaeaith* 

70920         1108  o        r  -o  — r 

the  obiertations  took  cognizance  of  no  proportion  less  than  — d  part  of  the  total  volume ;  and  fSsT 
a  great  portion  of  the  time  it  was  but  about  five-nintha  of  this  amount. 
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iqaare  inch,  as  at  the  very  moderate  pressures  here  employed,  induce  me 
to  recommend  its  'general  adoption  for  steam  vessels,  as'  well  as  for 
stationary  high -pressure  steam  boilers.  For  this  purpose,  it  would  prob- 
aUy  be  advisable  to  have  the  glass  tube  rise  exactly  30  inches  above  the 
ordinal  level  of  mercury  in  the  fountain.  The  volumes  of  air  would  then 
be  measured  in  parts  of  an  atmosphere,  and  would  be,  in  every  instance, 
the 0oi»f/i£f r/#e/#€  of  the  height  of  mercury  observed. 

is  the  manometer  can  be  placed  at  any  required  distance  from  the 
boiler,  it  may  always  be  made  convenient  for  the  inspection  of  the  super- 
intendent, or  officer  in  command ;  an  advantage  seldom  possessed  by  the 
OKninon  safety-valve,  or  other  apparatus  for  indicating  the  pressure  of 
iteuxk 

The  baurometer  and  thermometer  being  now  regarded  as  indispensable 
to  the  navigator,  will,  of  course,  be  constant  accompaniments  of  the  ma- 
nometer. 

7.   Of  the  93fphj(^n^  or  water-gauge^  for  indicating  the  draught  of  the 

chimney. 

This  apparatus  is  seen  at  u^  fig.  2,  plate  ii.     It  is  composed  of  an  in- 
verted syphon  of  glass,  with  one  end  bent  at  right  angles,  to  enter  the 
dHmoey  where  the  lower  escape  flue  enters  it     The  other  end  is  open  to 
the  external  air.     The  fiAt  syphon  used  had  an  internal  calibre  of  only 
ft2inch.     Subsequently,  however,  another  tube  was  substituted  having 
■  bote  of  0.46  inch  in  diameter.    To  the  syphon  was  attached  a  scale 
divided  into  inches  and  tenths,  for  the  purpose  ofobserving  the  differences 
of  level  in  the  two  limbs.    The  indications  of  this  gauge  represent  the 
difaences  of  pressure  within  and  without  the  chimney,  or  the  tendency 
of  iir  to  enter  it.     Water  is  about  837  times  heavier  than  air ;  and,  con- 
leqnently,  the  numbers  in  the  column  of  the  tables  headed  '^  Height  of 
viler  in  syphon"  multiplied  by  this  number,  give  approximately  the 
hdght  of  a  column  of  air,  which  would  balance  the  observed  column 
tf  water.     This  is  the  head  of  pressure  of  air ^  under  which  air  tended  to 
Wst  the  chimney  in  consequence  of  the  rare&ction  of  the  gases  within, 
m  the  force  of  the  jet  of  steam  thrown  into  it  from  the  boiler  by  the 
ttcqie-pipe  E.     Thus,  when  the  diflerence  of  level  in  the  two  arms  of 
ie  syphon  was  0.3  inch,  the  hend  of  pressure  of  air  was  0.3x837=251.1 
iehes,  or  20.92  feet     It  is  evident,  however,  that,  as  the  motion  in  the 
Iks  is  not  that  of  cold  air,  but  of  air  greatly  rarefied,  the  same  head  of 
will  represent  a  far  greater  velocity  than  would  be  given  by  the 
force  to  air  of  the  mean  density  of  the  atmosphere.    The  draught 
<die  chimney  was  dependent  on  three  or  four  distinct  causes :     1.  The 
Crated  temperature  and  consequent  attenuation  of  the  gases.    This  was 
tcmonally  as  high  as  400^,  but  generally  below  300^,  as  will  be  ob- 
ttved  in  column  of  <^  Gases  entering  the  chimney."    2.  The  jet  of  steam 
the  boiler.    The  gauge  was  always  founa  to  rise  when  the  steam 
to  escape  after  taking  the  weights  from  the  front  safety-valve,  so  as 
^  throw  a  jet  into  the  chimney.    3.  The  heat  of  the  small  furnace  L, 
ip.  1  and  2,  plate  ix.    This  furnace  was  used  for  some  of  the  experi- 
■oits  with  litharge,  and  was  particularly  beneficial  in  starting  the  fire, 
Vdgtving  a  prompt  action  while  heating  up  the  boiler  in  the  morning. 
4  *nie  prevaleace  of  certain  winds.    Owing,  probably,  to  the  configura- 
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An  extensive  sfries  of  the  observations  made  on  this  subject  will  be 
fcund  at  table  OXCIII. 

9.  On  the  measure  of  heating  power. 

Tie  practical  measure  of  heating  power,  which  I  have  adopted  in  the 
operimentis  mainly  relied  on  in  this  research,  and  which,  by  way  of  dis- 
QDCtion,  is  called  evaporative  powtr^  is  based  on  the  known  quantity  of 
heat  which  water,  raised  to  the  boiling  point,  requires  in  order  to  convert 
it  into  steam. 

This  qu-jintity  fhave  taken  to  be  1,030°  Fahrenheit,  (572  J  centigrade,) 
•Dcording  to  my  own  determination  made  some  years  since.* 

k  is  obvious  that,  as  all  the  varieties  of  fuel  are  referred  to  one  and  the 
woe  standard,  it  is  not  material  to  the  justness  of  the  comparison  whether 
ooe  detennination  or  another  of  latent  heat  be  adopted.  I  have  preferred 
(he  cue  above  mentioned,  because  1  know  exactly  the  means  and  precaur 
ibas  which  were  used  in  obtaining  it. 

10.  Of  the  corrections  required  in  applying  the  standard  for  determining 
'  the  relative  evaporating  po^cers  of  different  coals. 

Having  ascertained  the  number  of  pounds  of  water  which  have  been 
mpplied  to  the  boiler  during  the  continuance  of  the  combustion  of  any 
mwn  weight  of  coal,  it  might  seem  an  easy  problem  to  decide  the  evap- 
oiative  power  by  dividing  the  former  quantity  by  the  latter. 

Several  circumstances,  however,  require  to  be  considered,  and  their  dis- 
ttnct  effects  computed,  before  we  can  arrive  at  a  just  c.irclusion. 

1.  The  water  delivered  to  the  boiler  was  not  always  at  the  same  tern- 
pnature,  and,  consequently,  different  quantities  of  sensible  heat  were  re- 
mired  to  be  added  before  it  could  begiu  to  be  converted  into  steam.  The 
iiferences  of  temperature  during  the  same  day,  and  in  the  successive  por- 
ftODs  of  water  used  in  any  one  experiment,  generally  amounted  to  hut  a 
fer  degrees.  But,  in  the  course  of  nearly  eight  mouths,  the  extremes 
T«fe  40  and  88^ 

2L  It  frequently  happened  that  the  exix»riment  was  terminated  by  filling 
ipiiie  boiler  with  cold  water  after  the  fire  had  become  extinct,  and  when, 
fiOBsequeiitly,  the  tetnperature  of  the  steam  had  fiillen  considerably  below 
tftt  due  to  Che  pressure  generally  maintained.  In  these  cases,  it  is  evi- 
fat  that  the  latter  portions  of  the  vaporization  must  have  taken  place 
foD  water  already  raised  to  the  temperature  of  the  steam  itself,  (gen- 
ially about  230%^  instead  of  that  of  the  water  in  tne  cistern,  which  was 
tMime  point  within  the  limits  above  named.  Hence  it  is  necessary  to 
akniate  how  much  less  water  would  have  been  evaporated,  had  the  sup- 
(iring  of  cold  water  contiuued  till  the  heating  power  of  the  fuel  was 
Qhausted  and  the  safety-valve  closed. 

3.  As  the  water  supplied  to  the  boiler  at  the  conclusion  of  an  experi- 
ment was  cold,  it  often  reduced  the  contents  of  the  latter  to  a  temperature 
Wow  that  at  whirh  the  0  on  the  water  gauge  had  been  adjusted  ;  and,  as 
■  seldom  bappenexl  that  on  two  successive  days  the  temperature  of  steam 
ad  water  in  the  boiler  at  the  beginning  of  experiment  was  exactly  the 

*  See  report  on  atrength  of  materials  for  steam  boilers. 
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same,  it  became  necessary  to  ascertain  the  erpansion  of  water  in  iroffj  in 
order  to  know  when  the  requisite  weight  had  been  added.  For  this  pur- 
pose many  sets  of  observ^ations  were  made  on  the  gradual  heating  of  the 
water  from  different  low  temperatures  up  to  the  usual  point  at  which  evap- 
oration was  carried  on.  These  series  of  observations  enabled  me  to  ascer- 
tain that  the  same  weight  of  water  was  in  the  boiler  at  the  end  as  at  the 
beginning  of  an  experiment  This  subject  has  already  been  treated  of^ 
while  speaking  of  the  boiler.  The  correction  for  differences  of  tempera- 
ture of  water  in  the  boiler  was  further  facilitated  by  many  observations 
on  the  rise  of  water  in  the  gauge  by  given  weights  supplied  from  the 
cistern.* 

11.  Apparatus  for  testing  the  products  of  combustion. 

In  order  to  form  a  tolerably  correct  judgnjent  of  the  degree  of  perfec- 
tion with  which  fuel  is  burned,  and  its  available  heat  applied,  it  is  neces- 
sary to  study  with  attention  the  nature,  condition,  and  proportions  of  the 
products  of  combustion.  Among  the  solid  products  are  soot,  or  finely 
divided  carbon,  carbonate  of  ammonia,  and  sulphate  of  ammonia;  all  of 
which  may  be  occasionally  found  coating  the  flues  and  chimney  in  greater 
or  less  quantities,  according  to  the  nature  of  the  coal,  and  the  mode  of 
effecting  its  combustion. 

Among  the  principal  gaseous  products  are  watery  vapor,  carbonic  acid, 
and  nitrogen  mixed  with  unchanged  atmospheric  air.  Not  only  is  it 
necessary  to  determine  whether  the  combustible  pans  of  the  fuel  have 
been  duly  combined  with  oxygen  of  the  air,  and  have  thus  produced  their 
greatest  heating  effect,  but  also  whether  the  air  itself  have  found  its  way 
to  the  furnace  in  excess,  and  been  heated  at  the  expense  of  the  fuel,  with- 
out contributing  anything  to  its  useful  effect 

In  order  to  accomplish  this  purpose,  the  apparatus  seen  at  ?i,  f>,  f),  7,  r.  A, 
fig.  1,  plate  II,  and  partly  exhibited  at  t  in  the  sectional  fig.  1,  plate 
III,  was  devised.  This  consisted  of  a  wrought-iron  tube  1,  penetrating 
to  the  flue  at  the  point  where  the  gases  made" their  exit  from  the  two  in- 

•  HaTiijp  obtained  the  weight  of  water  to  1  of  coal,  from  ilie  initial  temperature,  this  qfuantity 
may  l>e  rutlcd  ir ;  the  mean  temperature  at  which  it  was  delirered  to  the  boiler,  denved  from  the 
column  of  "  tewpetatnrt  </  irafrr  in  tank^''^  may  be  called  I ;  for  this  temperature  a  co-efficient,  de- 
rived from  the  ex}>€rimciiUs  already  referred  to  on  the  cradual  heating  of  tlie  water  in  the  cistem, 
is  appliiMK  and  may  be  represented  by  c;  the  corrected  weight  of  water  to  1  of  coat  will  dien  be 
expressed  by  cv ;  the  mean  ^in  of  sensible  heat  by  the  M'ater  in  comie^  to  the  boilinj^  point, 
will  be  exprt'ssed  by  SiV^ — /.  Let  I  be  the  latent  heat  of  steam,  which,  by  my  own  determination, 
(see  Report  on  Strength  of  Mfterials  for  Steam  Boilers,)  is  =  ],03(|O;  then  Will  the  totaf  amount  of 
Jieet  rccoivrd  by  the  unit  of  water  be  exprtrssed  by  /_|-(2ia— f) ;  and  by  the  m-aier  evaporated  by 
1  of  cool,  nrX(^-(2ia — I)).    To  knom-  the  we'ij^ht  pf  water  which  would  have  been  eraporft- 

t«d  had  it  been  delivered  to  the  boiler  at  213^,  tlie  above  quantity  is  divided  by  i,  eivine  the  for- 

m»l.  «►+  "^('^1^>. 

flavinf:  obtainrd  a  common  standord  of  comparison  formrasuriag  the  heating  power  of  a  given 
Krij^l  «»f  <oal,  inrUuling  all  its  ingredients,  the  efficiency  of  a  given  bulk  of  the  same,  (as  of  a 
ruble  (hot,)  is  obtninrd  by  mtilliplying  the  weight  of  such  bulk  by  the  value  of  the  expression 
j;ii«t  given.  T<t  derive  from  the  rame  ihe  heating  power  of  the  unit  weiglit  of  tombuttikU  motter^ 
\i  i>  deduct  (ho  uiiMtiige  ix'r  cent,  from  100.  If  the  ratio  of  incombustible  matter  be  represented  by  a, 

tl>c  water  to  1  of  combustible  matter  in  the  coal  will  be  obtained  by  the  formula  "''^^^      ~^\V      ^ 

l(100-Hi) 
The  lust  vxpn^ssion  is  useful  in  determining  the  relative  values  of  diflerent  samples  of  cool  from. 
the  same  coulnrld  ;  in  which  it  of^cn  hapiH^ns  that  the  proportion  of  inc  mbustible  ingredients  La 
.very  vorlablo,  while  the  com[KN»itiou  of  the  combustible  portion  is  nearly  coustaiiL 
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leikir  return  flues.  This  tube  passed  through  another  of  copper  perma- 
nenlly  fixed  in  the  wall  of  the  furnace,  and  capable  of  being  closed,  when 
notiqaired  C>r  drawing  gas,  by  a  suitable  stopper  of  wood. 

1Vin>n  tube  had  an  enlargement  consisting  of  about  4  inches  of  a 
■nket  barrel  brazed  to  the  smaller  conducting  tube.  This  enlargement 
mfcepc  filled  with  asbestos  Tuoderately  compacted  together,  but  by  no 
mem  precluding  the  passage  of  air.  It  served  as  a  filter  to  strain  from 
Aegnes  collected  all  the  solid  impurities.  With  the  exterior  end  of  the 
ndl  iron  tube  is  connected,  by  a  piece  of  gum-elastic  tube,  the  class 
toieind  bulb  '/,  (fig.  I,  plate  ii,)  filled  with  dried  chloride  of  calcuim, 
Hanest  and  absorb  the  moisture  of  the  gas  passing  through  it.  But  as 
Ihisfibstance  sometimes  allows  minute  quantities  of  water  to  escape,  a 
aeoood  tube,  o,  containing  amianthus  well  moistened  with  concentrated 
mfpharic  acid,  was  coniiected  with  the  former,  and  served  to  render  the 
pirn  perfectly  dry. 

Hksc  two  tubes  were  placed  near  the  furnace,  that  they  might  receive 
fivnthe  hot  iron  tube  every  portion  of  moisture  without  danger  of  being 
dfposited  in  the  leaden  flexible  tube  which  conveyed  the  gases  to  the 
Ben  apparatus — that  seen  at  p,  which  is  a  tube  of  Liebig,  containing  a 
HMg  solution  of  pure  potash.  Here  the  carbonic  acid  is  absorbed,  and 
the  dry  gas  once  more  takes  up  a  portion  of  moisture  which  the  tube  f, 
CMfiuniiig  dry  chloride  of  calcium,  absorbs;  allowing  the  gas  in  its  dry 
weio  airive  at  the  glass  graduated  jar  r,  inverted  over  mercury  in  a  large 
vellof  the  bath  A,  and  suspended  by  a  cord  and  counterweight,  causing 
ittorise  with  any  required  degree  offeree  necessary  to  draw  the  gas  from 
theehimaey. 

The  jar  r  contained  about  130  cubic  inches,  and  was  furnished  with  a 
flH  cap  and  stop-cocic,  by  which  it  was  securely  closed.  A  stop  cock, 
ifiterprtod  between  the  leaden  tube  and  that  containing  potash,  served  to 
ottoff  the  access  of  gas,  and  to  test  the  accuracy  of  the  joints  interposed 
klveen  it  and  the  collecting  jar,  by  raising  the  latter  two  or  three  inches 
•tof  the  mercury,  and  ascertaining  whether  any  air  gained  admittance. 
Ub  precautions  were  afterwards  taken  to  ascertain  that  the  joints  near 
kfiiraace,  connecting  the  potash  and  sulphuric  acid  tubes  with  the  iron 
I,  (fig.  1,  [late  iir,)  and  with  the  leaden  tube,  were  all  secure  from 
5.  The  latter  tube  was  24  feet  5  inches  long,  one  fourth  of  an  inch 
r,  and  one  eighth  of  an  inch  interior  diameter,  and  held  3.5  cubic 
In  the  intervals  of  use,  it  was  kept  closed  by  the  stopcock  near 
[tipoCash  tube,  and  there  was  consequently  little  or  no  opportunity  for 
Ititeape  of  the  gas  previously  introduced. 

The  mercurial  cistern  had  three  ''wells,"  or  deep  portions,  which  at  the 
lie  time  served  for  supports  to  the  apparatus,  and  for  receptacles  of  the 
}i€ontaining  the  gases  for  analysis.  It  had  also  a  horizontal  trough, 
iv  which  the  re-agents  could  be  passed  up  into  the  jars  when  required, 
jhea  gas  was  to  be  drawn  from  the  chimney,  the  large  jar  r  was  presred 
band  completely  filled  with  mercury,  and  its  stop-cock  closed.  The 
•ml  glass  tubes  above  referred  to  containing  the  re-agents,  were  then 
Vrfblly  weighed,  and  their  weights  recorded.  The  potash  tube  and 
Aloride  tube,  p  and  ^ ,  were  then  connected  with  the  jar  r,  and  with  the 
%eock  «« (fig-  1,  plate  ii;)  afler  which,  the  soundness  of  the  junc- 
vas  proved  as  above  stated. 

The  other  parts  of  the  apparatus  were  then  securely  attached ;  and 
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finally  the  tightness  of  the  whole  series  was  tried  before  inserting 
iron  tube  i  (fig.  1,  plate  iii)  into  its  place.     This  was  done  by  piitti 
a  sheet  ol  gum-elastic  over  the  end  of  it,  on  which  the  thumb  of  one 
sistant  was  placed,  while  another  opened  the  stop-cocks  at  the  jar,  ai 
raised  it  some  distance  out  of  the  mercury.     When  all  these  precautior 
had  proved  the  satisfactory  condition  of  the  apparatus,  the  iron  tube 
inserted  in  its  place,  and  the  drawing  of  gas  commenced  by  opening  iT  -^ 
cocks  near  the  jar,  or  was  suspended  by  closing  them,  at  pleasure.    It 
made  more  or  less  rapid  by  the  amount  of  the  counterweight  P,  and  ' 
the  extent  of  opening  of  the  stop  cocks. 

The  time  of  commencing  and  discontinuing  the  drawing  was  noti 
together  with  the  amount  of  gas  drawn  ;  and  the  temperature  of  the 
near  the  mercurial  bath  was  indicated  by  a  thermometer  kept  suspen  ~ 
thfere  for  the  purpose.    The  barometer  was  generally  noted  either  dur^ 
or  soon  after  the  time  of  drawing  gas.     As  soon  as  tlie  drawing  cea 
the  several  glass  tubes  with  their  contents  were  detached  and  re-weig 
The  gain  of  weight  in  the  chloride  tube  and  sulphuric  acid  tube  near 
furnace,  marked  the  weight  of  water  collected;  and  that  of  the  po 
and  chloride  tubes  near  the  jar  r,  indicated  the  weight  of  carbonic  a< 
the  last  re  agent  being  intended  to  withdraw  from  the  gas  the  mois 
taken  up  from  the  potash  solution. 

The  height  of  the  barometer  being  taken  with  every  set  of  observati 
served  to  determine  the  density  of  the  gas  drawn,  of  which  the  bulk 
of  course  noted,  after  bringing  the  mercury  within  and  without  the  jax* 
the  same  level.  The  amount  of  water  due  to  the  hygrometric  state  of  ^C  i 
air  passing  to  the  furnace,  was  known  by  means  of  the  two  thermomet 
seen  at  e,  e',  (fig.  2,  plate  ii,)  placed  at  the  entrance  of  the  air  port 
ueath  the  ash  pit,  the  bulb  of  one  of  which  was  kept  dry,  and  that  of  c  ^ 
other  moist,  by  means  of  a  cloth  with  which  it  was  wrapped,  and  Vhi  «^ 
was  wetted  after  each  set  of  observations.  The  dew  point  derived  fro  ^ 
observations  on  these  two  instruments  was  deduced  from  the  table  of  tl'' 
Encyclopodia  Britannica,  of  which  the  general  correctness  was  tested  I' J 
several  airect  trials  made  during  the  progress  of  the  research. 

The  dew  point  determines  the  weight  of  moisture  in  a  given  bulk  <^ 
air,  and  the  excess  weighed  in  the  apparatus  was  attributed  to  the  prod- 
ucts  of  combustion.  ^ 

In  the  earlier  experiments  on  this  subject,  the  opening^'  (fig.  2,  plate  nZ 
was  used  for  inserting  the  gas-collecting  tube,  and  during  the  operation 
required  that  the  lower  damper  should  be  opened.  This  invariably  ae  ^ 
celerated,  to  some  extent,  the  combustion  and  the  rate  of  evaporation  S 
and  thoueh  it  could  not  essentially  vary  the  proportion  of  materials  col  ^ 
lected,  did  not  afibrd  so  satisfactory  a  proof  of  the  relation  between  th^ 
fuel  burned,  and  of  air  by  which  its  combustion  was  effected,  as  when  aT^ 
terwards  the  copper  pipe  expressly  appropriated  to  this  object,  and  seen  n/^ 
ti  fig.  l^  plate  in,  was  inserted. 

^  Saving  drawn  into  the  jar  r  a  sufScient  quantity  of  gas,  (usually  frovC^ 
fed  UMI  cubic  inches,)  and  ascertained  its  loss  in  transUu  to  the  tubei^ 
ed  to^a  portion  was  transferred  to  a  smaller  graduated  jar  fr 
ip  awl  stop-cock,  and  was  there  tested  for  the  amount  of  ojc- 
0|^    This  was  done  by  means  of  pliosphorus  passed  up  into 
4ted  by  bringing  round  the  jar  the  curved  jaws  of  a  pair 
(bredn 
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Hwfioponion  of  gas  condensed  after  becoming  cool  marked  the  pro- 
poiiioacf  oxygen  in  the  residual  gas.  The  weight  of  carbonic  acid  de> 
len&iBel  its  bulk  at  the  temperattire  and  pressure  observed.* 

Ik iceompatiyiug  table  CXCIV  exhibits  those  experiments  in  which 
iHile  principal  ingredients  of  the  products  of  combustion  were  deter- 
■■fidf  aud  may  illustrate  the  objects  in  view  while  prosecuting  these  re- 
HRhet.  The  first  fifteen  columns  of  the  table  are  devoted  to  the  data 
ohHoed by  experiments,  and  noted  in  the  column  of  "remarks"  in  the 
Mmi  tables  of  daily  observations. 

FpHoTJag  these  are  twelve  columns  exhibiting  the  relations  to  each 
ite^both  by  weight  and  by  bulk,  of  the  chief  products  of  combustion, 
alaliled  from  the  data  furnished  in  the  first  division  of  the  table. 

Tte  weight  of  water  in  100  cubic  inches  of  air,  at  the  observed  dew 
|at,iifint calculated  from  table  CXCVl.  This,  applied  with  proper  cor- 
Kabu  to  the  quantity  of  gas  which  came  to  the  apparatus,  and  deducted 
iniiie  water  collected  in  the  experiment,  furnished  the  second  column 
rfiiipanof  the  table;  which,  consequently,  exhibits  the  weight  of  wa- 
tvUredfiom  the  combustion  alone.  From  this,  the  bulk  at  standard 
fcBpwture and  pressure  of  the  oxygen  of  that  water,  and  the  wtirrht  of 
ia^l^n^eii,  are  readily  calculated.  The  observed  wvight  of  carbonic 
B^jiTttthe  means  of  knowing  the  bulk  of  the  oxygen,  as  well  a^  the 
VHfbtofthe  carbon  which  composed  it.  The  condensation  by  phos- 
|kn$,  with  the  observed  temperature  and  pressure  at  the  time  the  gas 
^diawD, affords  the  means  of  determining  the  bulk.at  a  temperature  of 

'finia^the  weight  a  in  ^ains  troy,  of  any  quantity  of  CArbonir  acid,  itt*  bulk  in  cubic  inches 
<>iEBpeniurt  of  60O  and  a  pressure  of  30  inched  in  the  barometer,  will  be  found  by  the  f.r- 

*Af  = ,  where  o  is  the  bulk  required  in  cubic  inches. 

■•dcrio  brin^  all  the  observations  to  a  conm^on  standard,  it  is  of  course  nerrssnry  to  bring 
liDeeiiciilation  tlic  temperature  and  pressure  at  which  each  specimen  of  gus  wai*  drawn  into 

^"be  ihe  nbseri'ed  column  of  dry  ^;nB  taken  into  the  jar,  /  the  temperature  at  the  time  the 
wi; ceased,  k  tlie  height  of  the  barometer  in  inches  ut  the  same  time,  then  would  the  bulk 

'V,  under  the  same  pressure,  be —  .  (Tliis  admits  the  expansion  of  air  to  be  ._  d 

4934-(«— 32)  '  493 

pfiwnS?^,  for  fverv  dcCTCC  Fahrenheit,  according  to  tJtc  recent  determinations  of  Rudhcrg, 
%>dt,  and  Magnus.;  When  the  observed  pressure  is  not  equivalent  to  30  inches  at  the  stund- 

«ttipereture,  it  is  corrected  to  brin/j  it  to  that  standard  by  tlie  formula  h'  =  — _  .  _2 , 

,  999a+<(~3a) 

.       A'  is  the  corrected  height  of  mercury  which  would  }iavc  l)een  observed  at  60^  un- 
vie  SUM  pressure.    Hence,  since  the  volumes  are  inversely  as  the  comprcs.iing  forces, 

1*11:: £li :  V^  wlierc  P  =  tlie  true  volume  of  dry  gas  at  60^  and  30  inches  barom- 

49S-K'— 32) 

the  bulk  of  carbonic  acid  is  the  same  as  that  of  the  oxygen  which  enters  into  its  mm- 
its  relation  to  tlie  total  volume  of  dry  gases,  before  arriving  at  the  potash  tube,  is  found 

■'fli  ratio      ^    ,  which  may  represent  the  per  centuge  of  oxygen  taken  from  the  air,  to  con- 

•  %lbe  carbonic  acid. 

;  '^Ae  trtatineut  with  pliosphonis  gave  the  mtio  which  the  oxygen  l)ore  to  the  total  amount 

%ieoUe<:tfcd  in  the  jar,  this  ratio  may  be  called  r  ;  its  bulk  in  cubic  inches  is  known  by  taking 

9pDduct  rP,  and  its  relation  to  the  sum  of  dry  gases  will  be In  these  computations  no 

^4  7 

pM  is  taken  of  the  phosphoric  compounds. 

k  vater  contains  ei^lit-ninths  of  iti)  weight  in  oxy^n,  the  bulk  of  the  latter  gas,  lH'lf>ni^ing 

iBr  observed  weight  of  water  collected,  is  found  by  taking  that  fraction  of  the  obyer\ed  weight 

im^vn^  it  by  .341873,  which  ii  the  weight  in  grains  of  one  cubic  inch  of  oxygen  at  (XR 

arid  30  inches  barometer. 
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60°,  and  a  pressure  of  30  inches  of  mercury,  of  the  residual  gas  (nitrog-, 
of  the  jar,  as  well  as  of  the  oxygen  absorbed ;  and  these,  with  the 
viously  determined  amount  of  carbonic  acid,  show  the  original  voluim 
dry  gases  which  arrived  at  the  potash  tube  p,  (fig.  1,  plate  ii.)    This  % 
ume  is  seen  under  the  head  of  '*  total  of  dry  gases  collected."   Followj 
this,  are  three  columns  appropriated  to  exhibiting  the  ratio  to  the  totai 
dry  gases,  first  of  the  carbonic  acid  and  of  the  residual  oxygen  separate 
and  then  of  their  sum ;  in  order  to  determine  how  nearly  this  latter  r^ . 
tion  approaches  that  of  oxygen  in  pure  atmospheric  air.     It  will  be 
served  that  many  of  these  numbers  closely  approximate  to  that  relati*^^ 
as  established  by  chemists,  viz :  20}  per  cent.     It  will  also  be  found 
the  average  proportion  of  oxygen  left  in  the  air  drawn  into  the  jar 
by  71  trials  on  about  30  varieties  of  coal,  12.03  per  cent,  of  that  air,   * 
52.5  per  cent,  as  much  as  would,  with  the  same  quantities  of  nitrog^ 
have  constituted  atmospheric  air. 

This  result  agrees  pretty  nearly  with  some  which  were  obtained  at 
very  time  these  experiments  were  in  progress,  by  Mr.  Robert  Himt,*  fro 
trials  on  several  of  the  large  Cornish  engine  furnaces.   He  found  the 
densation  by  potash  to  amount  to  one  ninth  of  the  whole  volume  of 
drawn  from  tlie  chimney;  and  of  the  remaining  gas,  one-tenth  was  coii 
densed  by  phosphorus.     My  experiments  also  accord  w^ith  what  is  stata*^ 
by  M.  Fecletf  relative  to  those  made  at  Vesserling  in  1832,  from  whier^ 
it  appeared  that  the  quantity  of  oxygen  found  in  the  smoke  of  the  chiiC 
ney  of  a  steam-boiler  furnace,  varied  from  10.5  to  11.5  per  cent.  vhiX 
using  coal,  and  from  4.55  to  7  per  cent,  when  burning  wood.     This 
thor  assumes  in  his  calculations  that  one-half  of  the  air  which  goes 
the  grate  of  a  furnace  using  coal  escapes  unburnt. 

The  remaining  thirteen  columns  of  the  table  are  consigned  to  dedu^ 
tions  relative  to  the  heating  power  of  fiiel.  Prom  a  knowledge'of  th.  * 
proportion  of  earthy  matter  in  each  coal,  and  of  the  carbon  and  hydroge  ^ 
derived  from  its  combustion,  the  quantity,  in  grains,  of  raw  coal  burne^ 
by  the  agency  of  the  gases  collected,  is  ascertained.  From  this,  the  AiiK/ 
in  cubic  feet  at  standard  temperature  and  pressure,  and  the  weight  bK 

Sounds  of  atmospheric  air,  sufficient  to  burn  one  pound  of  the  raw  co^I 
ecome  known ;  and  also,  from  the  relation  of  the  several  gases  collected 
and  their  specific  heats,  the  weight  of  air  equivalent  in  specific  heat  tc* 
the  dry  gases  for  a  pound  of  coal,  is  calculated,  and  is  readily  converted 
into  weight  of  water^  equivalent  in  heat-absorbing  prnnr  to  that  weight  ^ 
air.    The  water  of  combustion  for  one  pound  of  fuel  is  calculated  fronCT 
the  previously  ascertained  excess  of  that  collected,  above  the  hygrometiic 
moisture ;  and  the  latter,  for  one  pound  of  coal,  is  separately  obtained  froor 
the  bulk  of  air  found  necessary  to  burn  a  pound  of  coal,  and  from  itsob 
served  dew  point.    The  last  five  columns  of  figures  in  this  division  (r^ 
the  table  are  appropriated  to  recording  the  evaporative  power  of  the  severa.  _ 
quantities  of  heat  which  were  employed — 1st,  in  raising  the  temperalun^" 
of  the  air  which  supplied  the  combustion,  fix)m  that  at  which  it  entere^ 
the  air  port,  to  that  at  which  it  reached  the  chimney ;  2d,  in  vaponzingf  ^ 
the  water  derived  from  the  coal,  and  afierwards  heating  it  to  the  tempeia?*;; 


*  See  Pkvctieel  Meehaniee  and  Engimen'  Magazim  for  December,  1843,  jmge  93,  artick  iy>J 
'!rbiM*  flxperimente  were  made  in  June,  August,  and  September,  preceding  their  publicatioii.       [ 
f  TMte  de  la  CJuJeur,  cooeidCrte  dana  aee  applications :  torn,  i,  p.  3. 
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iWiiUch  it  passed  into  the  chimney;  3d,  in  raising  the  hygrometric 

Mttifom  its  initial  temperature  to  that  possessed  by  the  gases  going 

[^Vtefcehimney;  4th, and  finally,  thai  employed  on  the  steam  generated 

"  [fctfcboiler  at  212°  by  one  pound  of  raw  coal.     The  last  column  of 

lio  the  table  is  obtained  by  adding  together  the  four  immediately 

I2L  Apparatus  employed  in  the  ulrimaie  analysis  of  coals. 

Ikvetion  of  an  apparatus  used  for  drying  the  specimens  of  coal  anal- 
%iseen  in  plate  i,  fig.  1.     A  is  a  copper  boiler  about  8  inches  high, 

Ifadiameter  at  the  base,  furnished  with  an  interior  cylinder  B,  about 
|idbes  deep,  and  3  inches  in  diameter,  closed  at  bottom,  and  open  at  top 

Biethe  small  movable  system  of  shelves  c,  on  which  are  supported 
i,  bj  bj  6,  bj  containing  the  pulverized  coal  to  be  dried.     A  lid,  D, 

ilfae  mouth  of  the  interior  cylinder.  A  screw,  N,  closes  steam  tight 
rfening  through  which  the  boiler  is  filled.  A  tubulure,  T,  connected 
'tifflass  tube  /,  bent  at  right  angles,  conveys  the  steam  down  to  a  dis- 
til feet,  to  ajar,  E,  containing  mercury,  into  which  the  tube  descends 
jfepih  of  about  5  inches.     A  basin  to  receive  the  condensed  water 

may  flow  from  the  surface  of  the  mercury,  serves  as  a  support  to  this 

llamp,  L,  is  placed  beneath  the  boiler  as  it  rests  on  the  tripod  S. 

riexhibits,  on  an  enlarged  scale,  the  frame  of  shelves  c,  withdrawn 

lAe  boiler.     The  arrangement  above  described  enabled  me  to  apply 

I'iespecimens  a  temperature  of  216°  fi»r  any  desirable  length  of  time ;  by 

the  lid  D  resting  rather  loosely  over  the  mouth  of  the  cylinder* B, 
in  amount  of  circulation  of  air  was  allowed,  favoring  the  rapidity  of 
ifaiccaiion. 

same  plate,  at  fig.  3,  is  seen  an  arrangement  for  securing  accu- 
fifjancturcs  in  connecting  the  successive  parts  of  the  apparatus  em- 
' in  the  analyses.  A  is  the  sheet  iron  furnace;  C  the  combustion 
covered  with  thin  sheet  copper;  and  that  with  sheet  iron  firmly  se- 
Iwith  thin  iron  wire.  These  precautions  were  found  necessary,  ow- 
» the  easy  fusibility  of  American  green  glass  tubes,  which,  without 
'  ruard,  would  generally  give  way  under  a  heat  much  below  what 

ible  in  analyzing  coals. 
a  sheet  iron  screen  to  shield  the  several  ttibes  containing  the  nb" 

apparatus  fmm  the  heat  of  the  furnace ;  /  is  the  tube  for  chloride  of 

with  its  bulb,  and  having  its  beak  entering  a  cork,  which  closes 

ith  of  the  combustion  tube  C.     To  insure  accuracy  in  this  joint  is 
Iways  of  easy  accomplishment.     In  using  an  exhausting  syringe,  or 

m  air-pump,  for  this  purpose,  the  number  of  joints  in  those  instru- 
lenders  their  indications  rather  equivocal.  But  the  mercurial  pump 
rers  this  end  perfectly.  It  is  a  glass  jar  about  1  foot  high,  and  2 
in  diameter,  rather  more  than  half  filled  with  mercury.  Into  this 
descends  the  inverted  jar  D,  open  at  bottom,  and  drawn  out  above 
abe,  the  upper  end  of  which  is  connected  by  the  elastic  joint  e,  with 
e  B,  about  3  feet  in  length,  which  is  in  turn  united  by  the  elastic 
with  the  chloride  tube  i.  When  the  junctures  ar^  first  made,  the 
I  depressed  so  as  to  rest  on  the  bottom  of  B.     The  mercury  within 

fvithout  D  is  then  at  the  same  level.     By  raising  D,  the  mercury  within 
ei  to  the  height  say  of  A,  while  that  exterior  to  it  falls  proportionally. 
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The  distance  wi,/i,  then  represents  the  column  of  mercury  ( 
from  3  lo  6  inches)  that  exerts  its  force  to  draw  air  into  the  cc 
chloride  tube.  A  line  encircling  the  jar  at  h  serves  as  a  mi 
mine  whether,  when  raised  to  that  level,  the  mercury  in  1)  < 
stant  at  the  same  height.     A  very  few  minutes  determines  this 

In  detaching  the  pump,  the  joint  a  is  not  disturbed,  nor  t 
of/  to  the  tube  B;  so  that  a  single  tying  only  is  roquirei 
with  the  next  piece  of  apparatus  required  lo  be  tested. 

Fig.  4  represents  the  apparatus  at  the  conclusion  of  a 
The  end  of  the  combustion  tube  C,  however,  instead  of  pn 
the  furnace  two  or  three  inches,  came  only  about  one  inch,* 
of  the  screen  P.  The  limiting  screen  e,  which,  during  the  | 
combustion,  had  been  pushed  successively  from  P  to  A  in 
removed. 

The  upturned  point  of  the  combustion  tube,  as  seen  at 
been  broken  off,  to  admit  the  passage  of  air  through  the  luh( 
tube  D,  closed  at  bottom  with  a  perforated  cork,  has  been  \. 
opening.  A  cork,  fitting  loosely  at  the  upper  end,  allows  ai 
down  the  tube,  when,  by  the  action  of  the  pump  II,  air  is  ci 
the  combustion  tube,  to  sweej)  out  the  last  portion  of  the  pn 
bustion;  ^isachlorideof  calcium  tube;  ^  a  tube  and  bulb,( 
ianthus  moistened  with  concentrated  sulphuric  acid.  L  a 
big's  tubes,  containing  concentrated  solutions  of  potash  ;  / 
tube,  to  arrest  the  moisture  taken  up  from  the  potash  liquid 
for  sulphuric  acid  and  amianthus. 

It  will  be  understood  that,  during  the  progress  of  combust 
tube  r  was  disconnected  from  the  rest  of  the  apparatus,  ai 
condensed  by  the  re-agents  made  its  escape  at  the  beak  of  tl 

The  glass  tube  I,  descending  into  ajar  containing  mercii 
gauge  to  mark  the  force  employed  in  drawing  the  gases  thn 
ratus.  It  may  be  proper  to  remark,  that,  in  experiments  in  ^ 
of  potash  was  placed  at  the  bottom  of  the  combustion  tube,  t 
products  of  combustion  by  means  of  the  oxygen  which  it  fi 
decomposed,  the  use  of  the  air  pump  was  unnecessary. 

It  is  hardly  necessary  to  state  that  each  of  the  pic::es  of  \ 
L,  L',  fw,  and  w,  was  separately  weighed  in  a  delicate  balanc 
and  after  the  perfonxiance  of  every  experiment,  in  order  to  ol 
gain  of  weight  from  absorbing  the  condensable  products  of  < 

13.  On  the  hygrometric  character  of  the  different  mater 
to  produce  the  combustion  of  organic  compoundit,  tinploy 
search. 

The  chromate  of  lead  has  been  recommended  for  this  p 
count  of  its  being  absolutely  destitute  of  all  tendency  to  ab 

The  oxide  of  copper  precipitated  from  the  nitrare,  is  well  1 
vDry  active  absorbent  of  water,  rendering  necessary  all  tliot 
troublesongie  expedients  to  avoid  excess  of  moisture,  which 
in  treatises  on  cyrganic  analysis. 

The  chloTBte  of  potash  is  regarded  as  a  dry  salt  destitute 
ipyemopertie^. 
•  Mf^fWg  deier|niD|B4  lo  make  trial  of  finely  pulverized  ox 
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found  to  have  lost  .22  grain.    The  crucible  had  been  heat* 
before  this  trial,  and  lost  .1  grain. 

I  heated  chlorate  of  potash  to  390°,  or  to  incipient  fusic 
lost  .SOS  per  cent 

From  all  the  foregoing  experiments,  I  am  led  to  the  c 
scale  oxide  of  copper  is  more  free  from  tendency  to  absorl: 
any  of  the  other  materials  assayed,  and  that  it  absorbs  will 
slowness  as  to  be  practically  anhygrometric. 

The  above  experiments,  and  the  analyses  which  I  made 
oxide  of  copper,  having  led  me  to  give  the  preference  to  tV 
that  procured  by  precipitation,  (contrary  to  the  rccommenc 
treatise  which  I  have  consulted  on  the  subject,)  I  have  b 
find  that  the  conclusion  I  had  formed  respecting  the  util 
terial  is  in  accordance  with  the  practice  of  the  great  ma 
chemistry  himself.   A  gentleman*  who  has  spent  some  tim 
tory  of  M.  Liebig,  has  informed  me  that  the  scale  oxide 
duced  in  tlie  sheet-copper  manufactory,  is  the  substance 
at  Giessen  to  produce  the  combustion  of  organic  bodies. 
to  the  state  of  peroxide  is  there  effected  by  moistening  t 
nitric  ficid  and  heating  in  an  earthen  crucible ;  some  nitrate 
is  decomposed  by  subsequent  ignition. 


*  J.  Lawrence  Smith,  M.  D.,  of  Charleston,  S.  C. 
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CLASS  I. 


iCITES— NATURAL  COKE — ARTIFICIAL  COKK — MIXTURES. 


SAMPLES. 

aver  Meadow  slope,  No.  3. 

aver  Meadow  slope,  No.  5. 

rest  improvement. 

ich  mountain. 

high. 

:kawanna. 

ken's  valley. 

iver  Meadow,  (navy-yard.) 

tural  coke,  (Virginia.) 

ke  of  Midlothian  (Virginia)  coal. 

ke  of  Neif's  Cumberland  coal. 

Kture  i  Midlothian,  and  |  Beaver  Meadow.  • 

Kture  I  Cumberland,  and  |  Beaver  MeadoWi^ 


General  characters  of  the  class. 

acites  have  specific  gravities  varying  from  1.39  to  1.61;  fe- 
rn when  exposed  to  a  heat  of  ignition,  and  undergo  no  propef 
e  while  parting  with  the  small  portion  of  volatile  matter  which 
;  or,  if  changed  at  all,  are  only  disintegrated  into  angular 
Their  flame  is  generally  short,  of  a  blue  color,  and  conse- 
ttle  illuminating  power.  They  are  ignited  with  difficulty } 
iuse  concentrated  heat;  but  generally  become  extinct  whiltf 
3rablo  quantity  remains  unburnt  on  the  grate. 
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No.  1. 

Anthracite  conl  sent  by  the  Beaver  Meadow   RaVroad  and  Cod 
pant/ from  the  mine  called  ^  Slope  Ao.  3"  of  said  cofnpany. 

This  and  the  succeeding  sample  were  accompanied  by  the 
certificate : 

"  Office  of  Beaver  Meadow  Railroad  and  Coal  Co, 

''Philadelphia,  Jane  17,181 

''  I  certify  that  the  (10  casks)  coal  were  mined  since  last  winter. 
casks,  marked  No.  3,  are  coals  from  our  mine  No.  3;  and  5  casks, 
No.  5,  are  coals  from  our  mine  No.  5.  There  are  but  about  two 
each  kind.  Bristol,  ou  the  Delaware  river,  is  the  most  convenietfpit 
for  the  delivery  of  it  for  shipment.  We  can  have  ready  there  bqa 
quantities  of  either  kind,  by  giving  due  notice  to  this  office. 

"  ROBERT  PEARSALU 


The  state  of  this  coal  when  received,  (June  30th,  1842,)  aa^dii 
wlien  burned,  (June  30th,  1843,)  was  that  of  lumps  or  masses  of  eoBiid^ 
erable  magnitude — too  large,  indeed,  to  be  either  conveniently  or  jmitHf 
burned;  and  it  consequently  required  to  be  broken  up  into  fragoHtfi  v 
such  size  as  to  be  capable  of  a  speedy  and  sustained  ignition. 

The  aspect  of  the  coal  is  generally  characterized  by  an  irregtlbrfii^ 
ture;  a  rather  dull- black  color ;  a  surface  marked  by  minute  strife;  tol 
presenting,  in  many  specimens,  portions  dotted  with  minute  bfliHt 
specks,  which  a  close  inspection  shows  to  be  composed  of  circles, or ofr 
centric  rings,  of  which  all  the  planes  are  parallel  to  each  other.  Hm* 
marks  of  a  definite  internal  structure  can  of  course  be  seen  in  oospA* 
tion  only  on  each  of  two  opposite  sides.  The  fracture  is  sometimeiM'' 
choidal  and  splintery.  The  surfaces  of  deposition  are  in  geoenl  M 
faintly  marked,  until  a  partial  combustion  has  developed  them;  Aif 
then  become  sufficiently  apparent. 

The  specific  gravity  of  two  specimens  was  found  to  be  1.6lQ4.*i 
1.6102;  from  which  the  calculated  weight  of  a  cubic  foot  of  Iheiolil 
coal,  as  it  exists  in  the  mine,  is  100.645  pounds. 

The  mean  result  of  forty  experiments  in  measuring  and  weigbinfikl 
coal  as  it  came  to  hand,  gave  the  weight  of  a  cubic  foot  in  its  menhlili^ 
ble  condition  54.925  pounds,  or  .5487  of  the  calculated  weight  jnstiM^ 
Hence  the  space  required  to  stow  one  gross  ton  of  this  coal  is  40.78enUc 
feet. 

The  two  specimens  of  which  the  specific  gravity  is  given  above, *«• 
submitted  to  analysis  :  the  first  contained  of  moisture  1.005,  and  tbeiBC- 
ond  1.296  per  cent  These  determinations  were  made  by  means  of  lb 
apparatus  seen  at  fig.  1,  plate  i,  already  described. 

During  the  progress  of  experiments  on  evaporative  power,  28  pooifc 
of  this  coal  were  placed  for  twenty  four  hours  in  the  copper  steara-dfjiV 
bath  K,  (fig.  1,  plate  in,)  where  it  was  subjected  to  a  temperature  oflldtf 
more  than  212'';  and  in  that  time  it  lost  7  ounces  in  weight,  or  LMp 
cent.  100  grains  of  the  second  specimen  above  referred  to,  reduced  Dii 
impalpable  powder,  and  treated  with  two  drachms  of  concentrated  poisii 
trie  acid,  and  digested  for  twenty-four  hours  at  a  moderate  sand  boit 
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Bud  treated  with  chloride  of  baryurn,  yielded  of  ignited  suIpbaCe 
^a  .08  of  a  grain — equi\ralent  to  0.011  per  cent  of  sulphur. 
ie  same  specimen,  20  grains  treated  with  pure  English  litharge  re- 
583.36  grains  of  metallic  lead,  or  29.168  times  its  own  weight.  A 
.  trial  gave  28.3  times  its  weight.  (It  seems  probable  that,  in  the 
ase,  some  portions  of  the  anthracite  must  have  escaped  complete  le^ 
1.) 

r  trials  on  each  of  the  two  specimens,  to  determine  the  proportion  of 
>ustible  ingredients, resulted  in  ffiving  for  the  first  10.91, 11.09, 1 1.14, 
.05 percent.,  or  an  average  of  11.05;  the  weights  employed  ba- 
rn 30  to  55  grains  at  each  trial.  For  the  second  specimen,  the  num- 
ere  8.77,  8.79,  8.55,  and  8.67,  or  an  average  of  8.69.  The  incineia- 
as  continued  from  4  to  5  hours. 

ashes  from  analysis  are  of  a  grayish  white  color,  tolerably  dense, 
id  to  cohere  slightly  together  into  masses.  By  a  reference  to  the 
ng  tables,  it  will  be  seen  that  the  proportion  of  waste,  including 
'  and  ashes,  in  the  several  trials  of  this  anthracite,  varied  from  9.03§ 
52  per  cent  of  the  fuel  burned.  Taking  the  entire  amount  of  coal 
y  consumed,  3,944.5  lbs.,  and  the  total  weight  of  waste  from  the  four 
riz:  469.88  pounds,  we  find  the  per  centage  of  the  latter  11.912. 
lio  of  the  clinker  to  the  total  waste  was  but  9.1  per  cent.,  and  the 
nd  appearance  of  the  substance  such  as  to  indicate  but  little  ten- 
to  fusion  and  vitrification  in  the  earthyMngredieuts  of  this  anthra- 
No  tendency  to  adhere  to  the  grate  bars  was  observed, 
ashes  from  the  furnace  are  of  a  gray  color,  pretty  abundantly  mixed 
irticles  of  unburned  anthracite.  In  trials  of  this,  as  well  as  other 
8,  it  will  be  observed  that  the  higher  proportion  of  clinker  was  found 
lose  experiments  in  which  the  combustion  and  evaporation  had 
Qost  accelerated.  Thus,  in  the  1st  and  3d  trials,  in  which  the 
r  was  drawn  10  inches,  the  ratios  of  clinker  to  ashes  are  14.796  and 

while  in  the  2d  and  4th  trials,  with  the  damper  set  at  5  inches,  the 
ire  6.5014  and  6.1315. 

weight  of  a  cubic  foot  of  the  ashes  of  this  coal  was  found  to  be 
bs.,  and  of  an  equal  bulk  of  its  clinker  34.07  lbs.  Of  the  dnsl 
le  flues,  mixed  with  a  little  soot  of  the  wood  used  in  raising  tempera- 
the  commencement  of  each  experiment,  the  weight  was  21.39  lbs. 
ic  foot  The  ashes,  when  exposed  again  to  incineration  for  several 
m  a  platinum  capsule,  lost  44.33  per  cent  of  their  weight,  leaving  a 
^  reddish-gray  powder.  The  ashes  being  90.9  of  the  total  waste, 
[uction  from  burning  out  completely  the  combustible  residuum  is 
per  cent  of  1 1.9 1 2,  or  4.8;  leaving  7.112  as  the  true  per  centage  of 
•usCible  matter  of  this  coal,  exclusive  of  the  dust  of  the  flues,  and 
g  that  both  the  specimens  above  analyzed  gave  more  than  the  aver- 
oun  t  of  earthy  matter.  Of  soot  and  dust,  only  3  lbs.  and  14  ounces 
»llected  on  sweeping  the  flues  afier  four  days'  burning ;  and  of  this 
mount,  32.28  per  cent  was  combustible  matter ;  leaving  but2{  Ibi. 
i  atCribotaUe  to  the  anthracite  alone.  The  imnortance  of  this  flfee- 
»m  coating  in  the  flues,  is  seen  in  the  table  of^  deductions,  where, 
of  findinr  a  Mlwg  off  in  the  ^  water  firom  212^  to  1  of  combustible 
of  the  fiiel,''  we  have  the  highest  result  at  the  fourth  trial, 
volatile  matter,  other  than  moisture,  was  found  to  be  only  2.385 
134  per  cent  in  the  two  specimens  analyzed ;  so  that  of  the  first, 


34  Doc  Now  276. 

the  total  volatile  matter  was  3.34,  and  in  the  aecond  3.62  per  cent,    H 

we  have — 

lit  ■pecimen. 

Volatile  matter     -----         3.34 
Earthy  matter      -  -  -  -  -11.06 

Fixed  carbon      -  .  .  -  -        B5.61 

100 

Admitting  that  the  volatile  matter  above  given  is  a  &ir  average  of 
generally  contained  in  this  anthracite,  and  knowing  from  the  trials  of  i 
already  stated  the  true  amount  of  earthy  matter  on  a  large  scale,  we 
the  following  result : 

Volatile  matter  fmean  of  two  trials)  =  3.430 
Earthy  matter  (lirom  3,944.6  lbs.)  =  7.112 
Fixed  carbon  89.458 

TOO 

It  is  proper  to  add,  that  four  trials  of  volatile  matter  in  specimens 
this  sample  of  coal  by  Dr.  King,  gave  a  mean  of  4.462  per  cent. ;  which, 
the  two  above  given,  yielded  a  mean  of  3.946,  reducing  the  fixed  ci 
to  88.942. 

The  difficulty  of  ignition  will  be,  in  part,  understood  from  the  faci 
the  boiler  was  not  in  steady  action  in  the  first  trial  until  6  hours  i 
minutes  after  the  chaining  ^ith  coal  commenced.  In  the  second  trial 
time  was  increased  to  5  hours  and  43  minutes,  notwithstanding  tha 
first  charge  had  been  laid  upon  the  grate  before  the  fire  of  pine  wooc 
commenced.  In  the  third  trial,  the  time  was  reduced  to  2  hours  an 
minutes,  having  the  same  advantage  of  a  charge  of  anthracite  laid 
the  grate  before  charging  with  wood.  At  the  fourth  trial,  the  tim< 
farther  reduced  to  1  hour  and  55  minutes.  It  appears,  therefore,  thi 
average  length  of  time  required  to  bring  the  furnace  into  full  activity, 
the  kindling  wood  was  withdrawn,  was  3  hours  and  52  minutes  = 
hours. 

Another  evidence  of  the  difficulty  of  ignition  is  found  in  the  tal 
deductions  opposite  to  the  title  ''pounds  of  coal  withdrawn  and  sepi 
after  trial,"  which,  on  an  average  of  the  four  trials,  was  112|  lbs. 

When  broken  to  egg  size,  this  coal  gave,  by  three  trials  which 
identical  in  their  results,  67.25  lbs.  per  cubic  foot 

Though  it  is  well  known  that,  in  the  anthracite  coal  districts  of  I 
sylvania,  the  materials  there  obtained  from  the  mines  are  the  only 
used  by  smiths  for  any  of  the  purposes  of  their  trade ;  yet  as,  amouj 
numerous  artisans  of  this  class  at  the  Washington  navy-yard,  1  couh 
none  acquainted  with  its  use  in  common-forge  fires,  I  was  compel! 
forego  the  experimenting  which  I  should  otherwise  have  felt  it  a  di 
prosecute  on  this  part  of  the  subject  The  adaptation  of  the  parti 
kind  of  anthracite  now  under  consideration  to  the  purpose  of  working 
cither  in  close  or  hollow  fires,  cannot  be  doubted ;  provided  the  req 
experience  and  skill,  and  the  proper  arrangement  for  effecting  the  pr 
tion  and  application  of  its  heat,  be  brought  into  requisition. 

The  combustion  of  a  portion  of  this  anthracite  in  a  wellconstr 
office  grate,  showed  it  to  be  rather  more  difficult  of  ignition  than  i\ 
called)  redash  coals.  It  is  a  &ir  type  of  the  gray  or  white-ash  anthr 
of  the  eastern  end  of  the  southern  and  middle  coal-fields  of  Pennsyh 
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Ah  io  regard  to  exterior  characters  and  general  behavior  while  undergo- 
IC  combustion. 

In  the  table  of  deductions,  following  those  of  the  experiments,  will  be 
Quid  a  synopsis  of  the  general  results  obtained  in  regard  to  its  evaporative 
pMrer.  In  that  table  are  47  lines — of  which  Nos.  2,  11, 12,  and  25  are 
^^fKurimationSy  depending  on  the  estimated  weight  of  coal  on  the  grate 
•ihe  beginning  and  ending  of''  steady  action"  £r  the  day ;  and  Nos.  20, 
ll|22,23,  and  25  are  dependent  on  the  observations  respecting  the  height 
'vater  io  the  boiler  at  the  same  periods. 

The  following  remarks  apply  generally  to  the  tables  of  experiments  : 

The  period  of  steady  pressure^  and  that  of  stecuiy  activity  of  ovapo- 
tioQ,  are  generally  different — the  former  being  usually  longest  Tiie 
^(ted  lines  embracing  the  first  of  these  periods,  will  be  seen  to  commence 
>  the  left  of  the  table,  and  include  in  their  range  the  column  of  ^'  dew 
int  by  calcukUiony^  and  that  of  the  *^  gain  of  tempercUure  of  air  be/are 
%cking  the  grate.^  The  lines  denoting  steady  pressure  commence  at 
e column  headed  " height  of  water  in  syphon^^  and  extend  to  the  right 

the  table,  with  the  exception  of  the  two  columns  above  mentioned, 
he  numbers  in  the  column  of*'  differences  of  temperature  between  steam 
id  escaping  gases^^  wilt,  in  some  instances,  be  found  niarked  with  the 
go  —  before  them,  to  signify  that  the  escaping  gases  were  then  at  a 
mtr  temperature  than  the  steam ;  whereas  when  the  sign  -}-  is  used,  or 
rhen  the  number  is  without  any  sign,  the  gases  are  indicated  to  have 
een  hotter  than  the  steam.  In  the  column  of  remarks*^  will  be  found 
nted  the  time  when  the  water  cistern  was  replenished.  This  serves  to 
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'o'52- 

b.Jo 

8-Oft 

87 

T9 

3>e 

340 

83 

530 

sn.nr 

n.537 

5.30 

0.95 

650 

e.30 

9.00 

86 

87 

7S 
78 

231 

238 

230 
341 

83 
8J 

V3U 

m 

30.04 
30.04 

0.5-i6 
0.539 

5.32 
5.18 

0.25 

990 

llj'sr 

b!26 

1346 

9.30 

93 

ra 

S46 

260 

82 

23(i 

30.01 

0.515 

5.12 

0.30 

1580 

1IB.M 

lO.lfi 

90 

80 

2.54 

253 

82 

330 

30.05 

0.537 

5.20 

0.30 

90« 

III.  4a 

93 

BO 

25fi 

244 

Bit 

2:10 

30.Mi 

0,597 

6.30 

0.89 

24'^ 

iieT« 

11.15 

9ti 

so 

274 

344 

82 

330 

30.06 

O.SJII 

5.38 

0.28 

2993 

11.45 

95 

91 

SuU 

356 

8a 

330 

3U.06 

0.532 

5.25 

0.28 

3335 

h'm 

0.15 

91 

ST 

afls 

248 

83 

230 

30.05 

0.S35 

5.33 

0.9H 

37« 

0.45 

fl4 

80 

S94 

250 

fl4 

m 

30.05 

0.637 

6.30 

0.33 

4I(KI 

m'Ts 

1,35 

89 

m 

31-J 

■250 

8* 

230 

30.04 

0.S35 

5.23 

0.30 

4778 

l-JD.iiU 

3.00 

95 

86 

31j 

274 

86 

232 

30.0::; 

0.&53 

5.04 

0.35 
0.S5 

.. 

136,75 

3.50 

iijo* 

99 

'se' 

87 

370 

"255' 

330 

911 

238 
23i 

30.01 

"i.i) 
5.28 

o!26 

6740 

4.05 

101 

86 

374 

2ii 

!I0 

2iy 

30.00 

0.503 

5.56 

0.25 

7Joa 

July    2 

*8. 15 

87 

81 

331 

165 

89 

236 

29.91 

0.493 

5.61 

0.16 

7313 

- 

fl.50 

88 

81 

. 

H9 

il6 

29.90 

0.373 

6.84 

.. 

853S 

P«riodortlMd]rtctioDfroiDBil.90m.a.  m.  inSt.  45m.  p.  ia.=GjL25M.  Coal  supplied,  SH-^ 
lb* )  waier  4,942  lbs.;  vaiertol  ofcMl  Tor  ihi* period,  7.059. 
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REMARKS.— Orwe  snrfacp  14.07  wnare  fwii  Ungib  of 
circuU  ol  bot  sir  121  feel;  beight  oretaimntf  6i>  feel. 

si 

"S" 

i| 

i. 

=^s 

sk 

^1^ 

3 

13.G 

149 

—30 

- 

Water  jd  boiler  O.lb  locb  above  oormal  JeTel.  Com- 
mepcrd  fifing. 

-ai 

0.801 

Wo<iO  coDiutDcd,  B9  lbs.!  sieam  blowing  off, 

73, a 

lat 

Thf  firsl  chBrge  of  coal  was  composed  of  large  Ininps 

mixed  wilb  fine. 

TG.e 

i:iii 

+  10 

1,833 

Pillediank,  iDdairplBiesopcDcdal  TA.  56ni.  a.  m. 

ISl 

75.a 

4-U 

1.3^ 

The  biti  charge  of  coal  (composed  of  largelnmps)  redaced 

Lu  eeg  size,  gave  11  tt  lbs.  to  3  cubic  feet. 

1.371 

WjiidS„ligliii  dew  point,  by  ubservaiion,  Ti°jby  calcn- 

laticD  al  same  place,  ?;''.a 
Wind  HE.;  clear. 

77.8 

iw 

Si 

ITT! 

7G.4 

163 

18 

75.7 

17H 

14 

sf.fi-a 

Wind  E,  light  i  clear,  or  with  slight  baziness. 

18S 

3li 

i.Hia 

38  lbs.  of  this  coa!  put  Ibis  dav  id  drviDg  apparatus,  weigh- 
ed (July  fl)  27  lb>,  10  oz. 

2.Drii; 

7ti.i 

am 

SO 

iaofi 

77.4 

SO 

I. MS 

servHiioD,7ti<>i  by  calculalion,  at  SB  me  place,  7i°.4i  fill- 

- 

ed  laaic  at  U.'jbm;  valves  duuble  weighted,  and  air 

8-Jfl 

:!44 

17 

3,3m 

ihrown  i.n  grate,  and  eilia  weight  removed  from  valves 

L    chargeof  coal,  large  lumps  wilh  fine;  lOih  chBrge.same. 

Ml 

371 

—t 

i.OiG 

84.0 

373 

-7 

Waler  in  bailer  left  at  1.1  inch  above  normal  level. 

79.3 

137 

-41 

- 

Waler  In  boiler  3.56  inclict  below  BormBl  level.  F.re  siill 
in  grate. 

- 

- 

- 
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TABLE  y.— DEDD( 

ExperimnUs  on  Beaver 


1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 

19 

20 

21 
22 

23 

24 
25 

S6 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 


Total  duration  of  the  experiment,  in  hours     -  •  • 

Duration  of  steady  action,  in  hours     -  •  ->  - 

Area  of  grate,  in  souare  feet    •  -  -  •  - 

Area  of  heated  surface  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  direa  radiation,  in  square  feet 

Number  of  charges  of  coal  supplied  to  ^te  -  -  - 

Total  weiffht  of  coal  supplied  to  grate,  m  pounds 

Pounds  of  coal  actually  consumed      .... 

Pounds  of  coal  withdrawn  and  separated  aAer  trial    - 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal     - 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  dinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.   -  -  - 

Total  pounds  of  water  supplied  to  the  boiler  -  -  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit     - 
Pounds  or  water  supplied  at  the  end  of  experiment,  to  restore 
level  ---.-.- 

Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounas      ....-• 
Pounds  of  water  evaporated  per  hour,  during  steady  action  - 

Cubic  feet  of  water  per  hour,  durins:  steady  action     - 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation  ------ 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations       -----.- 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a)  final  result 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b)  during 

steady  action  ...... 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water    - 
Mean  temperature  of  air  entering  below  ashpit,  during  steady 
pressure      ------- 

Mean  temperature  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air  on  arriving  at  the  grate 
Mean  temperature  of  gases  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        -  -  - 

Mean  temperature  of  atuiched  thermometer   -  -  - 

Mean  he  ight  of  barometer,  in  inches  -  -  -  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  drauffht-gauge,  m  inches     - 
Mean  temperature  of  dew  point,  by  ctuculation 
Mean  sain  of  temperature  oy  the  air,  before  reaching  grate   - 
Mean  aiiference  between  steam  and  escaping  gases     - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern ------- 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern       ------ 

Pounds  of  water,  iVom  212^,  to  one  cubic  foot  of  coal 
Water,  from  212P,  to  one  pound  of  combustible  matter  of  the 

''uel  -  - 

treasure,  in  atmospheres,  above  a  vacuum 
ressure,  in  pounas  per  square  inch,  above  atmosphere 
on  of  Uie  air  plates  at  the  fUmace  bridge 
opening  of  damper,  (U.  upper,  L.  lower) 


34.167 
6.167 
14.07 
377.5 
18.75 
10 
1048. 
967.5 
80.5 

52.4 
86.026 
6.114 
9.039 
1.3375 
14.796 
8301. 
840.8 

647. 

81. 
796.53 

12.744 

2.11 

2.213 
8.496 

9.259 
7.3564 

830.73 
740.73 
2110.8 
2610.07 
2380.47 
800.08 
29.941 
5.213 
.5358 
.3145 
710.62 
1280.07 
360.54 

8.4599 

9.5029 
497.93 

10.4472 
1.4185 
6.1812 
Closed. 
U.    10 


2I.1CI 
4.917 
14.97 

an.s 

18.75 

9 

991.S 

857. 

131^ 

55.068 

91.37 
6.487 
12.50 
0.8168 
6.5014 
6931. 

8eo.c 

712. 

89. 
733.611 

11.738 

1.943 


1.92 
7.9838 

8.037 
7.8986 

880.25 
750.19    ; 
2090.12 
2390.TO 
2290.94 
840.5 
29.919 
5.218 
.5275 
.3137 
700.86 
12Q0.87 
130.37 

7.9188 

8.9188 
490.81 

10.1934 
1.4851 
5.9683 

CloMi. 

U.   5 
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ROM  TABLES  I,  II,  III,  IT. 
tiAneile  coal,/rwn  slope  No.  3. 


IITViaL 

4th  Trial. 

ATerages. 

Remarks. 

(AUcJ//.) 

(TMe  iV.) 

Am  30. 

M^l. 

S4.333 

26.833 

7.25 

6.417 

14.07 

14.07 

377.5 

377.5 

18.75 

18.75 

11 

10 

1183.75 

1172. 

1079. 

1041. 

103.75 

131. 

112.37 

When  the  damper  was  open  10  inchea,  the  coal  left 
unbumt  was  at  a  mean  of  92.12  lbs. ;  when  at  5 

53.761 

58.6 

54.957 

inches,  it  was  132.62  lbs. 

90.63 

108.67 

94.1465 

The  data  for  this  line  will  be  found  at  the  bottom  of 

6.441 

7.723 

6.691 

each  table  of  expeximents. 

9.778 

16.452 

11.958 

0.8850 

1.0086 

1.012 

8.976 

6.1315 

9.1012 

»47. 

a522. 

810.3 

850.2 

1210. 

1310. 

151. 

160. 

841.79 

771.82 

785.94 

See  notes  at  the  foot  in  tables  of  experiments,  for 
the  data. 

13.467 

12.34 

12.572 

These  numbers  are  deriyed  from  those  next  aboTe 

them,  by  dividtne  by  62.5. 
These  numbers  are  obtained  by  dividing  those  of  line 

2.2299 

2.044 

2.0817 

20  by  those  of  line  4. 

2.3483 

1.959 

0 

8.43 

8.0326 

8.2355 

9.389 

7.059 

8.411 

7.414 

7.7808 

7.595 

»>.31 

900.54 

730.5 

790.77 

3690.38 

2630.54 

2380.46 

»90.31 

245P.85 

2540.002 

000.33 

2300.15 

e90.44 

830.13 

. 

These  temperatures  are  approximations  only,  from 
observations  taken  at  tne  mouth  of  the  airport, 
and  reduced  in  accordance  with  subsequent  ooser* 

ao.oi3 

30.048 

5.213 

5.233 

.5365 

.5338 

vations. 

.3079 

.386 

.3303 

«P.l9 

760.72 

teio.07 

1730. 

150O.762 

489. 

220. 

280.48 

8.3943 

7.9884 

8.2002 

J«K) 

8. 9846 

9.2073 

(06.99 

506.6 

■ 

505.54 

• 

10.4519 

10.7538 
1.4m 

10.4616 

1.4SSS 

1.4179 

6.a» 

6i24M 

6.1715 

Op«. 

^5  i 

-  1 

From  the  numbert  in  \me  4&/ii  «^|^^^«um  ^2Mi(.^%  vii 

dava'  comhnation  witK  atma  mt  tA&\CA.  e&:v^  t«sn 

higher  than  thote  wiVh  tht  iMi^  ^»^«^  ^Q^*^*, 
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Explanation  of  the  table  of  deductions. 

In  explanation  of  the  preceding,  and  all  the  similar  tables  of  ded 
which  occur  in  this  report,  it  may  be  stated,  that  the  1st  line,  ^  Total 
ration  of  experiment^  in  hours^^^  refers  to  the  time  when  the  fire 
lighted  to  commence  the  experiment,  to  that  at  which  the  level  of 
in  the  boiler  had  been  adjusted,  and  the  last  set  of  observations 
It  will  often  be  found  that  the  moment  of  ending  one  experiment  ii 
of  commencing  the  next;  and  that,  in  fact,  the  same  set  of  obser 
served  for  both.    The  2d  line,  ^^  Duration  of  steady  action^  in  komwi 
is  a  period  selected  for  the  comparison  of  various  related  quantities 
quiring  consideration  in  treating  of  combustion  and  evaporation, 
determination  of  this  period  was  generally  fixed  by  an  examination 
the  I9th  column  of  each  table,  in  which  the  water  evaporated  per  sqoaie. 
foot  of  absorbing  surface  is  given.    This  period  is  assumed  from  the  tinwi 
that  some  one  of  the  charges  of  coal  had  been  all  placed  upon  the  gnia 
The  3d  line  is  devoted  to  recording  the  <<  area  of  the  grate^  in  oqmmt 
feet^'*  during  each  trial.  In  general,  it  remained  the  same  for  all  the  trials 
of  the  same  sample,  but  occasionally  varied,  even  while  trying  the  ane 
coal.    The  4th  line  denotes  the  area  of  the  boiler  and  its  flues  ezpoied 
to  the  fire,  or  to  the  current  of  flame  and  hot  gas  passing  from  the  fiinwoe^^ 
to  the  chimney.     "  The  area  of  boiler  exposed  to  direct  radiation^  is  iB**j 
tended  to  denote  only  that  part  of  the  lower  arch  of  the  boiler  which 
directly  above  the  fuel  on  the  grate.    The  6th,  7th,  8th,  and  9th  lines 
explain  themselves.     7%e  mean  weight  in  pounds  of  one  cubic  foot  of 
coal,  is  in  all  cases  found  by  dividing  the  total  weight  of  all  the  chaqis 
recorded,  by  double  their  number. 

At  the  bottom  of  each  table  of  experiments  will  be  found  a  itats*,^ 
ment  of  the  coal  supplied  during  the  period  of  steady  action.     That' 
weight  divided   by  the  length  of  that  peiiod  in  hours,  as  contained 
in  the  2d  line  of  the  table  of  deductions,  gives  the  11th  line,  vis: 
pounds  of  coal  supplied  per  hour  during  steady  action  ;  and  the  latttf 
again  divided  by  the  number  in  the  3d  line,  aflbrds  that  in  the  12th  luM^; 
or  the  pounds  of  coal  per  square  foot  of  grate  surface  per  honr.    The 
whole  amount  of  ashes  and  clinker  contained  in  the  remarks  at  the  fM 
of  each  table  of  experiments,  divided  by  the  number  in  the  8th  lnM|^ 
gives  the  per  centage  of  waste  entered  in  the  13th  line  of  dedaetioni. 
The  weight  of  clinker  alone,  divided  by  the  weight  of  coal  actiuUf 
consumed,  gives  the  number  in  the  14th  line.    The  number  in  tfis 
14th  divided  by  that  in  the  13th  line,  gives  the  ratio  of  cHnhrto 
the  total  %Daste  contained  in  the  15th.    The  numbers  of  the  16th  Hoe 
are  derived  from  the  last  number  in  the  13th  column — that  which  le*, 
cords  the  weight  of  water  supplied  to  the  boiler ^  in  each  of  the  ezged^- / 
mental  tables.    The  17th  line  is  derived  from  the  6th  column  of  the  Mr 
perimental  tables,  '^  temperature  of  water  in  tank^^  by  dividing  the  siuii  j^ 
the  numbers  between  the  horizontal  dotted  lines  crossing  that  columin,  bjT' 
the  number  of  observations  recorded  within  the  period  of  steady  pruvfk 
which  those  dotted  lines  are  intended  to  indicate.    The  pounds^  of 


supplied  at  the  end  of  experiment  to  restore  levety  in  the  18th*  uoeijaR 
known  from  the  difierence  between  the  number  in  the  16th  line,  and  nL 
which  in  the  table  of  experiments  belongs  to  the  last  set  of  obsemddne 
on  the  preceding  day.    Thus,  in  table  I,  we  have  the  last  number  in  Ihs 


.M 
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Imnn  of  ^*  weights  of  water  supplied  to  boiler,"  8,301  pounds  recorded 
I  the  morning  of  the  29th  of  June,  and  the  last  number  entered 
I  the  preceding  evening  7,654.  The  difference  of  these,  647,  will  be 
ml  as  the  first  number  in  the  18th  line  of  the  table  of  deductions. 
1iAl9th  line  contains  the  calculated  reduction  which  ought  to  be  made 
■aecount  of  the  last  portion  of  water  having  been  evaporated  from  the 
■perature  of  23(P,  instead  of  the  mean  temperature  of  water  in  tank,  as 
■ad  in  the  17th  line.  This  reduction  is  found  by  multiplying  the 
light  of  water  supplied  to  restore  the  level,  by  the  difference  just  men- 
■nd,  and  dividing  by  the  sum  of  the  sensible  and  latent  heat  of  steam 
Bdaced  from  water  of  the  temperature  observed  in  the  tank.  Thus, 
ffx(230— 84)^-1154=81 -f;  and  this  latter  is  the  number  under  the 
■t  trial  in  the  19th  line  of  deductions. 

The  water  supplied  to  the  boiler  during  steady  action,  found  in  the  col- 
Dn  of  ^^  remarks"  of  the  tables  of  experiment,  divided  by  the  numbers  in 
»  2d  line,  gives  that  in  the  20th ;  and  the  latter  divided  by  62.5,  (the 
tight,  in  pounds,  of  one  cubic  foot  of  water,)  gives  the  number  in  the  21st 
e — *'^cu6icf€et  of  neater  per  hour  during  steady  action,^  The  number 
the  20th  line  divided  by  that  of  the  4th,  (area  of  heated  surface^)  gives 
)  number  in  the  22d  line.  The  23d  line  is  derived  from  the  19th  col- 
an  of  the  experimental  table,  by  taking  the  mean  of  the  numbers  em- 
iced  between  the  horizontal  dotted  lines,  which  there  include  the  period 
tteady  activity  of  the  boiler,  not  merely  that  of  steady  pressure^  as  above 
signaled,  it  will  be  observed  that  the  numbers  in  the  22cl,  and  those 
.  the  23d  line,  do  not  always  coincide.  This  may  be  accounted  for  by 
le  fitct,  that  the  time  elapsed  between  two  consecutive  observations  is  not 
ways  the  same  during  the  period  of  steady  action.  The  difference  be- 
reea  the  numbers  in  lines  16  and  19  divided  by  that  in  line  8,  gives  the 
amber  in  line  24,  viz :  water  evaporated  by  one  of  coal  from  initial  tem- 
enture,  which  is  the  *' final  result"  of  the  day's  operations,  subject  only 
M  slight  correction  hereafter  to  be  noticed,  (line  40.)  The  number  in 
ke25th  line  is  derived  from  a  division  of  the  20th  by  the  11th.  It  is,  of 
^rse,  like  all  the  other  numbers,  dependent  on  the  observation  of  the 
iits  of  coal  at  any  moment  on  the  grate — only  an  approximation,  more  or 
^  near,  to  the  preceding  line.  It  is  useful  in  determining  what  reli- 
ice  is  to  be  placed  on  the  other  deductions  depending  on  the  same  ob- 
tation.  In  comparing  the  averages  in  42  tables  of  deductions,  it  will 
found  that  in  23  cases,  lines  24,  or  the  ^<  final  results,"  are  higher  than 
es  25,  or  results  during  <<  steady  action;"  and  that  19  cases  of  the  re« 
ne  occur.  The  total  of  the  averages  on  lines  numbered  24  is  327.82 
\  those  numbered  25  is  -  -  -  -  -     322.90 


le  difference  of  which  .....       4.92, 

1.5  per  cent  of  the  upper  number.  The  total  weight  of  coal  consumed, 
rided  by  the  total  weight  of  water  evaporated,  reduced  to  cubic  feet, 
res  the  number  in  the  26th  line.  The  mean  of  the  numbers  included 
the  2d  column  of  the  experiment  table,  between  the  dotted  lines  limit- 
{ the  period  of  steady  pressure,  furnishes  the  number  in  line  27th  ;  col- 
iiQ  3d  furnishes  in  a  similar  manner  the  number  in  line  28th  ;  column 
li  gives  line  29th ;  column  5th,  line  30th  ;  column  7th,  line  31st;  col- 
an  8th,  line  32d;  column  9th,  line  33d ;  column  11th,  line  34th ;  col- 
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il,  referred  to  in  the  certificate  already  copied,  was  received  at 
me,  and  in  a  similar  condition  as  regards  size  of  pieces,  with 
iscribed. 

lal  characters,  it  differs  to  some  extent  from  that  sample.  The 
l-black -,  lustre  briUianl;  fracture  vaciable,  nneTan,  splintery, 
flat-concholdal.  The  surfaces  of  deposition  are  seldom  foi- 
tie  fracture  of  the  coal.  A  slight  iridesc«nce  is  occasionally 
ating  the  presence  of  a  film  of  sulphuret  of  iron.  The  specific 
ftwo  specimens  were  found  to  be,  respectively,  1.6529  and 
d  (he  calculated  weight  of  a  cubic  foot  in  the  mine  is  96.93 
hereas  the  actual  weight  of  the  coal  as  received  was  66.324 
r  cubic  foot,  as  determined  by  forty  trials  of  weight  in  the 
:,  requiring  39.77  feet  of  space  to  stow  one  gross  ton.  From 
eiit,  it  appears  thai  the  weight  in  the  merchantable  condition  is 
ilaied  weight  in  the  mine  as  0.5797  to  1,  Three  boxes  reduced 
gave  respectively  HI,  114}, and  112  pounds  per  box,  or,  on  an 
),29  pounds  per  cubic  foot. 

portion  of  moisture  obtained  in  the  analysis  of  the  two  speci- 
e  referred  to  was  1.823  and  1.6,  which  appears  to  have  been 
average ;  since  28  pounds,  exposed  in  the  drying  apparatus  con- 
Lh  the  boiler,  gave  in  three  days  a  loss  of  only  4  ounces,  or 
cont.  The  trial  of  100  grains  of  the  specimen  having  a  spe- 
ty  of  1.5491,  yielded  of  sulphur  .062  of  «  grain. 
a!  volatile  matter,  by  a  mean  of  two  trials,  was  found  to  bfi  for 
specimens  3.68  per  cent.  Four  trials  by  Dr.  King  on  two  other 
!  of  this  coal  gave  a  mean  of  5.312;  so  that  the  mean  of  four 
s  is  4,496.  The  quantity  of  earthy  matter  in  this  anthracite,  as 
^  by  four  trials  on  each  specimen,  was  2.22  per  cent,  for  the 
2.7  for  the  second. 

laracier  of  the  ashes  obtained  in  this  analysis  is  that  of  alight 
Jred  powder,  of  moderate  density,  exhibiting  no  tendency  to 
ite  at  the  temperature  employed  to  produce  the  incineration, 
as  that  of  a  muffle  kept  for  some  hours  at  a  very  bright  red  heat. 
rials  of  evaporative  power,  as  exhibited  in  tables  VI,  VII,  VIII, 
^htch  follow,  it  will  be  seen  that  the  amount  of  waste,  inclnding 
Iter  and  ashes,  with  such  portions  of  fine  anthrncile  as  escaped 
"by  the  sieve,  varied  from  5-722  lo  7.696  per  cent,  in  the  re- 
'"s's ;  and  that  it  was  on  an  average  6.745  per  cunt.  The  imm- 
Jnds  of  coal  actually  consumed  was  4,2^.5  j  and  the  total  waste, 
ticung  the  ashes  of  wood  used'  in  fftoiBg  temperature,  was 
pounds,  or  6.659  per  cent,  of  tb?  V^uAm/gmmt^  clinker  was 
■fla  =  0.6224  per  cent,  of  the  c     " 

«iU  mean  proportion  of  eartltrbl^^^^^^kHtaiiic  oxides 
a>pl«  was  found  to  be  5.U9  peCO^^^^^^K^ 
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Id  submitting  specimens  ofbotfi  this  and  the  preceding  sample  to  com- 
•e  ignition,  either  in  a  piatinnm  crncible  or  ati  iron  retort,  the  form  of 
\  fragments  remained  unaltered.  A  combustible  gas,  which  burned  with 
^t  blue  flame,  accompanied  in  some  cases  with  minute  scintillations 
I  brighter  light. 


t . 
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HliACITE,  FROM  SLOPE  No.  5. 
tieem  thrmon  into  chimney,  and  unaH  furnace  in  action. 
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TABLE  X^DEDUCnOH 
Expenwunis  oti  Beaver  JUU 


Nature  of  the  data  furnuhed  by  the  respeetiTe  taUea. 


IfltTriaL 
(7Wt  VL) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
V2 
13 
14 
15 
16 
17 
18 
19 

20 
21 
S^ 

23 
24 
25 

26 
27 
2d 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
45 

46 
47 


Total  duration  of  the  experiment,  in  honn     - 
Duration  o^rteady  action,  in  houra     -  -  - 

Area  of  enrae,  in  souare  feet   -  -  -  - 

Area  of  heated  sunace  of  boiler,  in  iquare  feet 
Aiea  of  boiler  ezpoaed  to  direct  radiation,  in  aquare  feet 
Number  of  chargea  of  coal  supplied  to  grate 
Total  weieht  of  coal  supplied  to  grate,  in  pounda 
Pounds  of  coal  actually  consumed      .  .  - 

Pounds  of  coal  withdrawn  and  separated  after  trial    - 


Mean  weif  ht,  in  pounds,  of  one  cubic  foot  of  coal     - 
Pounda  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  m'aste,  ashes  and  clinker,  from  100  poimds  of  coal 
Pounds  of  dinker  alone,  from  100  pounds  of  coal 
I  Ratio  of  clinker  to  the  total  waste  per  cent.     -  -  - 

I  Total  pounds  of  m-ater  supplied  to  the  boiler  -  -  - 

j  Mean  temperature  of  water,  in  degrees  Fahrenheit    - 
Pounds  of  water  supplied  at  end  of  experiment,  to  restore  level  - 
Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounds. 
Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steadv  action     - 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  hour, 
by  one  colculauon  -  -  -  -  -  - 

Pounds  of  water  per  sq.  A.,  by  a  mean  of  several  observations 
;  Water  evaporated  by  1  of  coal,  from  initial  temp,  (a)  final  result 
j  Water  evaporated  by  1  of  cool,  from  initial  temp,  (b)  during 
;        steady  action  .----- 

i  Pounds  of  fuel  evaporating  one  cubic  foot  of  water   - 

Mean  lemp.  of  air  entering  bclowashpit,  during  steady  pressure 
I  Mean  temp,  of  wet  bulb  thermometer,  during  steady  pressure 
I  Mean  temperature  of  air,  on  arriving  at  the  grate 

Mean  temperature  of  gases,  when  arriving  at  the  chimney    - 
I  Mean  temperature  of  steam  in  the  boiler        ... 
:  Meaii  temperature  of  attached  thermometer   .  -  . 

Mean  height  of  barometer,  in  inches  -  .  .  - 

I  Mean  number  of  volumes  of  air  in  manometer 
'■  Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  drauffht-gauge,  m  inches     - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  oy  the  air,  before  reaching  grate  - 
Mean  difference  between  steam  and  escaping  gases     - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 
and  boiler   ....--- 

Water  to  1  of  coal,  from  212P,  corrected  for  temperature  of 
water  in  cistern  and  boiler  ..... 

Pounds  of  water,  from  212°,  to  1  cubic  foot  of  coal  - 

Water,  from  2120,  to  1  pound  of  combustible  matter  of  the  fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  squara  inch,  above  atmosphere 

Condiuon  of  the  aur  plates,  at  the  furnace  bridge 

Inches  opening  of  dsSnper,  (U.  upper,  L.  lower) 
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TABLES  VI,  VII,  VIII,  IX. 
He  coal,  from  slope  ^o.  5. 
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1.8314 
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Remarki. 


.3633 

9030.033 
350.997 

8.7634 

9.8788 
556.11 
10.593 
1.4335 
6.3404 


It  appears  that  when  the  damper  vaa  drawn  10  inchai, 

the  coal  left  was  45  lbs. ;  when  drawn  5  inches,  it 

was  77.5  lbs. 
As  the  whole  forty  chams  weighed  4495.3  lbs.,  the 

mean  weight  of  a  cubic  foot  thm  derived  is  56.194 

lbs.       ^ 


The  efficacy  of  the  p<Nmd  ofemiAmaHbU  m^Her  on  tlM 
4th  day's  trial,  was  less  than  on  any  of  the  othtrs« 
The  combustion  and  eraporation  were  much  slow 
er,  the  per  eentage  of  waste  greater,  and  yet  the 
tdmnerature  of  the  air  entering  the  chimney  was 
but  little  aboTe  that  of  steam  m  the  boiler.  The 
open  air  plates  may  orobdily.  in  connexion  irith 
the  partially  drawn  Oamper,  be  rmrded  as  the 
cause  of  this  inferiority  of  useftd  efect. 
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No.  3.  ^ 

Anthracite  of  the  ^^  Forest  Improvement^  Oompanj^m  ^ 

This  sample  of  coal  came  to  hand  accompanied  by  the  following  ttl< 
tificate  from  the  superintendent  of  the  company,  by  whom  it  was  ieD(V 

<'  I  certify  that  the  anthracite  coal  forwarded  to  the  navy  ya^i  W^m 
ington,  in  the  casks  uidiTked  ^ Fhrest  Improvement^  19^  nmied'in'ffi 
gust  last,  on  the  land  of  the  Forest  Improvement  Company ,  in  the  |bfvii 
ship  of  Branch,  and  county  of  Schuylkill,  and  Stite  orPennsylvinM 
from  the  vein  known  as  the  *  Forest  vein.' 

'^  I  further  certify  that  the  said  coal  has  been  promiseuoUsiy  takM'a 
New  York  from  a  cargo  delivered  to  the  Jackson  ferry,  xti  New  Yoiki  A 
consumption,  and  is  a  fair  sample  of  all  the  coal  deliver^  from  the  FolM 
vein  ;  that  the  said  Forest  vein  is  uniformly  free  of  slate,  or  olfteriiii|li 
rities  ;  and  that  any  desired  quantity  can  be  delivered  for  a  siiriek  ofTMtk 
— Philadclpliia  being  the  port  of  shipment 

"  Schuylkill  Havkn,  (Pa.,)  September  14, 1842. 

«  CHARLES  DE  FOREST, 
'<  Superintendent  Pore»t  Improvement  ConqtanyJ^ 

The  exterior  characters  of  this  anthracite  ar6  somewhat  different  fmi 
tho.sc  of  either  of  the  preceding.  The  main  cleats,  or  partingli  *" 
marked  by  thin  lamellae  of  white  earthy  matter,  apparently  composd 
of  sulphate  of  lime.  These  partings,  however,  are  only  obsetvaUe  il 
two  fK>sitions  of  the  specimens,  and  but  little  affect  the  general  color  oj 
the  coal,  wliich  is  deep  black,  with  occasional  approaches  to*  blue-UfJci, 
in  parts  slightly  tinged  with  oxide  or  sulphuret  of^iron. 

The  fracture  is  uneven,  seldom  conchoidal,  and  only  occasionally  takini 
place  at  tlie  surfaces  of  deposition — revealing,  however,  when  this  doei 
occur,  moderately  abundant  deposites  of  mineralized  charcoal  in  the  seaiu 

l*he  Npf3cific  gravity  of  two  specimens  was  found  to  be  1.4799  and 
1.4741  — tlic  mean  of  which  would  give  the  calculated  weight  of  a  cubic 
foot  of  coal  in  the  mine  92.31  pounds  ;  while  thirty-seven  trials  by  meat' 
uring  and  weigliing  in  the  charge-box  gave  its  weight,  in  the  condition 
of  luiu\m  as  received,  53.658  pounds  per  cubic  foot — ^requiring,  of  coQia^ 
41.74  cubic  feet  of  space  for  tne  stowage  of  one  gross  ton. 

'I*he  ratio  of  the  computed  to  the  actual  weight  of  a  cubic  fiK>t,  i^  1 10 

A  box  of  this  anthracite  broken  to  the  <'  egg"  size  was  found  to  wei^ 
100  (khukIn,  or  53  pounds  to  the  cubic  foot;  proving  that  no  adVatlla^] 
In  iioirit  of  stowage,  would  be  derived  from  reducing  it  to' this  state: 

TtMh  on  |M»rtions  of  the  two  specimens  above  referred  to,  reduced  tc 
|iowd«;r  and  dried  in  the  apparatus  fig.  1,  plate  i,  gave  for  moistiire  1.16S 
And  l.t^l.'l  \MiT  cent.,  respectively;  and  28  pounds  dried  for  three  daj^ii 
iUf.  nppnnttuN  connected  with  the  boiler,  showed  a  loss  of  8  ounoesjoi 
1 ,7H/;  [HT  cent.  • 

Hy  'iXfKmnre  to  full  ignition,  the  two  specioienil^  lost,  in  addition  t6'tlM 

fuotnttin'.y  3.158  and  2.437  per  cent.,  respectively,  giving  the  total  Volaiik 

tnttiis'.f  4.32  and  3.<i5.    la  two  specimens  tried  by  Dr.  King',  th^  roleijk 

"^iUir  HpjH^nr^A  to  be  5  and  6.37  per  cent     Hence  the  average'  fionQ 

•"Itfi^^Umun  in  4.H35. 

«  |;ro|iMrtion  of  sulphur  obtained  from  one  of  the  above  apecimeiu 

f/iAr^4fly  moM  than  a  trace,  being  only  .0166  of  1  per  cent    Thf 

>//  of  triMl  doou  not  take  coguizaace  ol  iQ[iq  vqX^Xx'qx  ^vXai^ yuk^  U 
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n  tlie  sulphate  of  lime ;  nor  is  this  necessary  for  any  purpose  of 
uing  the  character  of  the  coal,  as  influenced  by  the  portion  of  sul- 
r  rather  of  pyrites,  which  it  may  contain. 

trials  for  earthy  impurity  in  the  two  specimens  of  this  anthracite 
.22  for  the  first,  and  2.89  for  the  second — leaving,  after  deducting 
nd  the  volatile  ingredients,  9:^.46  and  93.46  per  cent,  of  fixed  car- 
The  complete  incineration  was,  as  usual,  insured  by  continuing 
cess  for  some  hours,  and  occasionally  agitating  the  residue,  to  ez- 
ery  part  to  the  action  of  the  air. 

color  of  the  ashes  is  a  light  fawn,  with  specks  of  pure  white. 
Liming,  during  the  four  trials  of  this  coal  under  the  steam  boiler, 
lounds,  there  were  obtained  262  pounds  of  waste^  of  which  31.5 
t,  or  about  12  per  cent.,  were  in  the  state  of  clinker ;  hence  it  ap- 
lat  the  ashes  alone,  mixed  as  usual  with  fine  anthracite,  were  6.068, 
5  clinker  0.826 — total,  6.894  per  cent  of  the  coal  burned.  When 
les  were  completely  freed  from  combustible,  the  residue  was  but 
per  cent  of  what  it  was  with  the  unburnt  anthracite  remaining ; 
hen  the  clinker  was  also  completely  reincinerated,  it  lost  1.465  per 
Hence  the  waste  withdrawn  was  made  up  of  ashes  3.6,  clinker 
and  carbon  2.48 — total,  6.894  per  cent 

ashes,  as  they  came  from  the  furnace,  weighed  44.03  pounds  per 
bot,  and  the  clinker  30.75  pounds  ;  the  former  being  of  a  dark  gray 
ind  the  latter  varying  from  dark  iron-gray  to  a  nearly  white  color, 
fragments  are  portions  of  slate  in  their  original  forms,  very  friable, 
.ving  little  tendency  to  cohere.  The  vitrification  is  so  imperfect 
luse  but  little  clogging  of  the  grate  in  any  of  the  trials.  The  total 
t  of  soot  and  dust  withdrawn  from  the  flues  after  four  trials  of  this 
as  only  3  pounds,  weighing  at  the  rate  of  17.94  pounds  per  cubic 
Of  this,  52.63  per  cent  was' incombustible  earthy  matter.  The 
influence,  or  rather  absence  of  all  effect  of  this  quantity  of  dust  in 
ng  the  progress  of  heat  through  the  metal  of  the  boiler,  is  apparent 
close  conformity  observable  between  the  first  and  fourth  trials,  in 
to  the  amount  of  water  evaporated  by  one  of  combustible  matter — 
ials  being  conducted  with  the  same  damper  drawn  to  the  same 
and  with  the  air  plate  at  the  bridge  closed.  The  first  gave  11.17, 
)  fourth  11 .20  pounds  of  water  to  1  of  combustible  matter  from  212^. 
reductive  power  of  this  coal,  applied  to  the  oxide  of  lead,  is  ex- 
1  by  32.022 ;  20  grains  of  the  coal  having  produced  640.44  grains 
illic  lead.  The  ignition  of  this  coal  ap|)ears  to  take  place  with  con- 
ie  difllculty ;  having  required,  on  an  average,  3.32  hours,  from  the 
e  first  charge  was  laid  upon  the  grate,  to  bring  the  boiler  to  the 
on  of  "  steady  action.'^  The  weight  of  anthracite  left  unburnt  on 
ite  was  40.18.  It  should  be,  however,  borne  in  mind,  that  no 
of  anthracite  was  laid  upon  the  grate  previous  to  the  commence- 
f  firing  with  wood,  as  had  been  done  in  some  trials  of  the  samples 
'  described. 

domestic  purposes,  this  anthracite  is  well  adapted,  both  from  its 
eating  power,  the  small  proportion  of  clinker  which  it  is  liable  to 
e,  and  from  the  comparative  ease  with  which  the  ignition  takes  place, 
niths'  purposes,  and  for  the  manufacture  of  iron,  it  will  present 
rautage  of  a  small  proportion  of  earthy  matter,  and  an  almost  en- 
edom  firom  sulphur.  A  high  temperature  may  probably  be  found  . 
te^  in  order  to  fuse  coinpletely  its  earthy  ingTedieulB. 
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5.45 

0.90 
0.31 

&t 

UH.2 

sIm 

si"" 

78" 

ifii 

'23i 

'Te' 

'aai 

'as' 



30.10 

"olsa 

"s.k" 

9.IK) 

84 

78 

165 

344 

78 

247 

84 

30.11 

0.523 

5.34 

0.21 

9.30 

95 

7B 

167 

256 

78 

229 

S5 

30.11 

0,529 

5.98 

0.33 

401 

10.00 

«7 

79 

169 

218 

78 

fiS 

30.11 

0.535 

5.33 

0.25 

739 

10-30 
11.00 

88 
90 

79 

90 

.89 

186 

lUO 
S54 

78 
79 

229 
229 

85 

S6 

30.11 
30.11 

0.535 
0.524 

5.2)1 
5.33 

0.34 

991 

looTa 

'o.'w' 

"iws* 

11.30 

» 

90 

19f 

s«o 

79 

330 

87 

30.11 

0.535 

5.32 

0.33 

1419 

o'.oo 

91 

80.5 

208 

252 

79 

230 

97 

30.10 

0.527 

6.30 

0.19 

IG74 

in.:! 

0.3O 

M 

80 

■2S4 

S!4« 

79 

328 

88 

30.10 

0.521 

5.36 

0.19 

2054 

1.00 

m 

78 

3ffi 

79 

231 

88 

30.10 

0.543 

5.15 

0.20 

2959 

1.30 

n.b 

79 

235 

246 

79 

23n 

87 

30.0- 

0.530 

5.27 

0.16 

3592 

uu 

9,00 

n 

X 

249 

248 

m 

230 

88 

30.08 

0.537 

5.20 

0.19 

3014 

S.30 

1)5 

SO 

2i3 

21^ 

79 

33( 

88 

30.08 

0.533 

5.34 

0.18 

3334 

3.ni 

93 

91 

2M 

80 

229 

30.0b 

0,523 

5.34 

0.18 

358D 

itti 

3.30 

9i 

91 

3:5 

2S0 

81 

230 

89 

30.06 

0.5M 

5.37 

0.18 

3839 

4.00 

H 

^1 

389 

355 

^I 

330 

69 

30.06 

0.535 

5.32 

0.18 

4316 

430 

n 

91 

296 

2M 

84 

330 

89 

30.05 

0.525 

5.33 

0.18 

4530 

IIS.« 

5.00 

92 

n 

3IG 

218 

84 

330 

30.05 

0.533 

5.34 

0.17 

4783 

5.30 

9J 

79 

330 

259 

81 

230 

87 

30.05 

0,527 

5.30 

0.18 

5027 

loiTsa 

ti!66' 

36" 

si" 

■343 

'ail 

"si' 

'236 

'bY 

"m.'os 

"0)550 

i'.m 

"6!i7 

"wis" 

G.30 

9-1 

13 

383 

228 

84 

229 

Sg 

30.05 

0.533 

5.31 

0.18 

5?73 

- 

Ads.  8 

5*. -30 

« 

77 

23r 

an 

84 

225 

81 

30,05 

0.49- 

5.58 

0.14 

5990 

. 

6.05 

i«_ 

77 

91- 

TOT 

84 

211 

81 

30.0fij  0.318 

7.07 

0.15 

76fi7 
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BENT  ANTHRACITE 

1^  elated;  iliam  Urotun  out  at  back  vake. 

[r 

1 

£? 

li 

II 

5 

|| 

% 

S 

3 

ill 
III 

11 

BEMARKa-Oraw  sirf.w  14.07  cijuire  feel ;  l»nglh  of 

I 
1 

III 

circouofhewedaif  121  feel;  height  of  chimofy  03  tert. 

«.  > 

71. G 

70 

-14 

%in 

-A.9 

li.b 

+-i3 

fire  in  >mall  farnace;  two  wpighl; on  Mlelr  valnn com- 
mcDcrd  charging  with  coal  ai  6*.  7n.;  coD'uined  163| 

€.37 

TS.e 

77 

—  3 

TS.6 

76 

—  2 

lbs.  of  wood;  water  in  boiler,  0.47  inch  above  Dorinal 

75.3 

78 

—  4 

0.S91 

level;  lemperalure,  335=;  fire  Icindlrs  Blowly;  look,  at 
7*.  Ow.,  Ibe  fecond  wei^his  from  valves;  syphon  roae  lo 
030;  steam  began  lo  blow  i>ff;  at  7*  30n.  filled  lank. 

TO.8 

77.5 

-16 
-  5 

- 

A  rhargeoftbis  coal  reduced  to eggsiie,  weigtiB  105  lie. 

I:1D 

"•K.V 

'"•m" 

KEndlin?  lakes  place  slowly. 

K.I 

81 

+17 

0.554 

Wind  S.,  light;  hary,  lun  shinJDX  OTcafionally. 

■n.8 

83 

97 

0,434 

Set  npper  damper  la4  inchea  atSii.  35m,;  coal  igniting 

76.6 

P3 

30 

I.7J1 

more  freely. 

Mo 

76.3 
T7.3 

IQl 

91 

1.335 

'■'is' 

"iM 

- 

77.3 

IM 

30 

0.63ii 

Fire  in  small  furnace  extinct,  and  its  dumper  closed;  dew 
point,  by  ohservation,  74°. 

«.«0 

T7.e 

117 

99 

1.351 

Sieam  all  thrown  out  at  back  ralve. 

7S.I 

130 

90 

9.013 

Commenced  drawing  Rases  fro.n  lower  openinir  at 
0*.  49n.;  drew  in  95  iDinule.-<  80  cubic  incite)',  ubich 

71.9 

137 

1. 086 

1.30 

75.3 

143.5 

16 

1.764 

gave  OfiSgrain  water,  4.33  grains  caibotlic  acid,  and 

76.1 

155 

IS 

9.93ti 

•1 OA.  30«.  p.  m.  wind  ffW.;  '.bowery. 

75.9 

168 

H 

1.695 

S.OO 

TJ.8 

ni 

9 

1,351 

WiDd  KB-,  lisbi;  clear. 

78.0 

183 

90 

1.3*4 

Wind  S;  de*  point,  by  oteertalioo,  70=;  by  calculation, 
at  same  pltfceV77°  3. 

- 

T7.5 

191 

95 

1.999 

Eighth  charge  vhows  much  rnrihy  matter  in  paniiigs, 
iechntcallycallea-bony  coal." 

4.15 

78.0 

904 

90 

1.669 

Fillrd  tank  at  4*.  ISn.  p.  u. 

76.6 

99t 

18 

1.340 

Cloudy;  wind  E,,  lighL 

S.30 

75.8 

930 

89 

1.B93 

tb!*' 

"sii" 

'"is" 

.... 
9.215 

Contents  of  ash  pit  thrown  on  grata;  both  valves  double 
weifihlert. 

. 

79.4 

990 

—  I 

- 

Water  in  boiler  left  at  1,6  inch  above  oatmal  level. 

76.(1 

156 

-11 

Water  foand  310  inche<i  below  normal  level. 

- 

75.3 

139 

-5 

- 

Water  in  boilT  sdiu-.ted. 

Deduct  wood  mtbei 

Toial  w»«  (hMi  cokL. . 
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TABLE  Xiy.^FOBEST  IHPt^ 
Fourth  trial — vpper  damper  8  inchea  open  ;  airphie$  ebmii 


Hour. 

TEMPCRATUaES  OF  THS 

• 

i 

2 

C 

X 

c 

«» 

a 

o 

9 

a 

b£. 
X 

Volumes  of  air  in  ma- 
nometer. 

Height  of  water  in  ay- 
pb&n. 

Weight  of  water  supplied 
to  boiler. 

1 

0 

i 

0 

v< 

0 

M 
M 

"Z 

Date. 

Open  air  entering 
below  ash  pit. 

a 
1 

3 

Jd 

^     . 

a  ee 

214 

1 
S 

la 

■££ 

C 
V 
M 

O 

206 

• 

a 
S 

a 

•ml 

84 

*S          Steam  in  boiler. 

22          AitHched  thermom- 
eter. 

Aug.  8 

A.  n. 

A.  M. 

6.U5 

82 

in 

30.06 

0.348 

7.07 

0.16 

6.50 

83 

77 

214 

258 

85 

22<) 

81 

30.07 

0.510 

5.46 

0.19 

— 

101. so 

7.15 

84.5 

78 

216 

232 

85 

230 

81.5 

30.07 

0.536 

5.20 

0.23 

— 

113.00 

7.45 

81 

77 

208 

214 

80 

229 

82 

30.07 

0.515 

5.42 

0.23 

70 

8.00 

d4 

77 

202 

24H   80 

230 

&2 

30.07 

0.517 

5.40 

0.21 
0.26 

160 
330 

- 

8.30 

85 

78 

208 

262i  80 

230 

83 

30.07 

0.531 

5.26 

9.c;o 

85 

78 

217 

272  80 

230 

83 

30.07 

0.531 

5.26 

0.21 

495 

l05.iS 

9.30 

87 

79 

220 

298   60 

232 

84 

30.07 

0.543 

5.14 

0.30 

824 

10.0(1 

88 

79 

226 

304   81 

23-2 

85 

30.07 

0.551 

5.06 

0.32 

1080 

^ 

10.30 
11.00 

ao 

90 

80 
79 

214 
26*2 

275 
290 

81 

81 

230 
23-2 

85 
85 

30.07 
30.07 

0.529 
0.529 

5.28 
5.28 

0.28 

1752 

108.« 

0.30 

2160 

. 

11.30 

91 

79 

272 

306 

81 

232 

86 

30.07 

0.533 

5.24 

0.30 

2527 

109.15 

p.  M. 

0.00 

91 

80 

284 

298 

81 

232 

87 

30.06 

0.531 

5.26 

0.30 

3005 

0.30 

92 

80 

29*2 

292 

81 

2M 

88 

30.05 

0.533 

5.24 

0.30 

3488 

111.00 

1.00 

93 

80 

296 

•290 

82 

23-2 

88 

30.05 

0.533 

5.24 

0.29 

4140 

„ 

1.30 

94 

80 

302 

29b 

82 

232 

88 

30.04 

0.533 

5.24 

0.30 

4673 

- 

2.0o!94 

80 

298 

304 

87 

23-2 

69 

30.04 

0.531 

5.26 

0.30 

4673 

117.00 

2.3. 

88 

78 

3(H) 

280 

87 

230 

89 

30.03 

0.530 

5.27 

0.27 

5448 

. 

3.00 
3.30 

88 
84 

78 
77 

302 
296 

296 

87 
87 

232 
232 

87 
84 

30.05 
30.06 

0.53:> 
0.535 

5.22 
5.22 

0.30 

5853 

124.50 

0.30 

6275 

- 

4.00 

84 

79 

308 

270 

87 

232 

83 

30.05 

0.53-2 

5.25 

0.30 

6608 
7163 

- 

4.15 

H2 

76 

31*2 

264 

87 

232 

83 

30.05 

0.539 

5.18 

0.28 

Aug.  9 

A.  M. 

7.(10 

74 

70 

190 

200 

84 

218 

75 

30.09 

0.390 

6.66 

0.11 

7169 

^ 

7.3<» 

74 

70 

1H9 

198 

84 

21-2 

75 

30.08 

0.353 

7.02 

o.io 

7993 

* 

The  period  of  steady  action  this  day  is  from  lOh.  17m.  a 
to  3h.  p.  m.,  when  the  last  charge  was  in  the  furnace,  =  4A. 
lbs. ;  water  to  boiler,  4,392  lbs. 


.  m.,  when  the  fourth  charge  wa5ia, 
43m. ;  coal  supplied  to  grate,  461iS 
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1 

m 

5^ 

Is. 

h 

St 

ii^ 

11 

REMARKS.-Qrti>e  narfkce  14.07  sqnBrefeel;  Inigihof 

«" 

■° 

i^ 

=  '5 

.'? 

drcuii or  boL air  121  leel;  heigbt  olchifiioey  63 (mL 

i 

1 

ft 

■s|| 

m 

Hi 

H 

3 

ix. 

75.3 

132 

-  5 

Wttierbroueht  in  O.l  fnch  nbove  normal  level;  com- 
menceLllJrinR;  wind  SW.,  clear. 

-l-3-i 

- 

WiHxl  coD'^umed  97|  Ib^L;  commenced  cbsrtiing  viih 
coal;  put  second  weigh  I  on  from  vake. 

hiAi  pii  cli>5eii,  andconienisihrovBoafirei  itecund  weigbl 

74.7 

m 

15 

n,37i 

- 

74.7 

lis 

18 
32 

O.HS) 

o.!t:)i 

-5.8 

12LI 

e.w 

75.9 

I3S 

4-2 

0.871 

76.fi 

133 

fti 

1.743 

7G.3 

10.17 

n.i 

JS4 

45 

3.5IW 

Some  ponioii.*  of  ihe  4ih  cliarge  show  much  earihy  mai- 
ler iu  ihe  paningB. 

75.5 

181 

74 

J.KSf 

Some  poiiiQDs  of  ihe  GlH  charge  stiow  macb  earlh;  mat- 

l*r  in  Ihe  psniogs. 
Wind  ?JW.,brl,-.lt,  clear. 

7fi,9 

193 

fifi 

SS3S 

0.30 

7ti.6 

■m 

fil 

3.55J 

The  coal  In  drying  keille  weighs  27  lbs.  8  oi. 

- 

TJ.5 

^ 

m 

a.  Mil 

Filline  >anh-,  7lh  charge  conlaiax  some  bae  coal;  ^ih 
charge  nearly  all  fine. 

77.5 

904 

72 

Waier  in  boiler 0-5  inch  btlow normal  level;  fllleJ  lank. 

7*. a 

lilS 

50 

WindSE.,  clundy;  »i3i.  8W  ,  cloudv,  loliuwed  by  rain ; 

71.9 

- 

9.146 

commenced  drawing  gases  ffoin  luwer  opening  ai  SA. 
mm. ;  drew  in  36  niinaie=  ft)  cubic  inches,  which  Eove 

- 

74.7 

dia 

64 

•2.a3t 

lerainof  water,  406  graJus  ol  caibonic  acid,  and 
9.334  cubic  inches  of  iilygen. 

- 

77.5 

934 

38 
3-2 

1  7C4 

Canienls  of  ash  pU  Ibiown  <m  graM  at  Zh.  40m. 

73.9 

d3u 

VValcr  broughl  lo  1.4  inch  above  normal  level. 

68,3 

Ilfi 

-IH 

Wmer  in  boiler  fiinnd  1.7  inch  below  normal  level. 

llH.a 

IIS 

— U 

Water  in  holier  aitin-led. 

BESIDUA. 
CKnker. 7.50 


T<xal  WMM  from  CMl 63.38 

Soot  and  d oat  from  floet 3.00 

Coke ■■aa-^ 
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TABLE  XV.— DEDUCnOSS 


Nabire  of  thi  dais  RiinMlud  by  llw  OMpodrit  (ablM. 


IhTtuI. 

SdTriJ. 

(TabU  XI.) 

(TM-Stt.) 

J.*.*. 

Ak.S. 

24,6*7 

3fl.91J 

6. 133 

7.0K 

U.07 

14- (TT 

371.  S 

377- S 

ie.75 

18. 7S 

10.0 

10-0 

1057.0 

1056S 

1033.98 

1026.74 

33.03 

39.76 

52.85 

53.83S 

102  274 

91.31 

7.268 

G  499 

6. in 

6  wa 

0.979 

0.945! 

19.1493 

U.TG9 

9771  0 

M70.0 

78°.  3 

730.9 

311.0 

140*.0 

40,0 

18S.0 

9M.8S 

7G9  78 

1S.277 

13.20 

3.53ii5 

a.oaoe 

3. 5195 

S-UOS 

9.4112 

8.9asa 

9.336 

8.3506 

6  641 

7.0003 

81°. S7 

620,0 

71O.20 

76°.  43 

3620.73 

279°. 0 

28J°.73 

233°. 0 

2320.07 

78°. 53 

790.aT 

30,27 

30.1S7 

5.145 

5.147 

.5424 

.5499 

.2791 

.964 

660-87 

740.41 

180O-8G 

1700.93 

61°.  31 

470,8fi 

9.3768 

8.8971 

10.599 

10.0SI7 

560.15 

531. IS 

11.169U 

I0.79SS 

1.4338 

I.433I 

6.3^24 

£.4011 

Closed. 

OpWL 

U.    8 

tr.  e 

Aren  of  boiler  expoHil  t'>  direct  rndiatjon,  in  aqoBrc  feel 
Number  of  chnrgea  of  Eoa]  supplied  lo  gnile - 
Tula]  weight  of  conl  supplied  (□  grate,  in  pounds 
Pounds  of  cool  ncliiBlIf  consumed       .  .  .  . 

Pounds  of  coal  withdrawn  Siod  separated  aRer  trisl    - 
Mpan  weight,  in  poutida,  of  nne  cubic  foot  of  coal     - 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounda  of  coal  per  square  fool  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clitiker,  Irom  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  lUO  pounds  of  ci>al 
Ratio  of  clinker  to  the  total  waste,  per  cen'.   -  -  - 

d  pounds  of  water  supplied  to  the  boiler  -  -  - 

n  temperature  of  wnier,  in  degrees  Fahrenheit     - 
Pounds  of  walersuppKed  at  end  of  ex  pertinent,  (□  restore  level  - 
far  temperature  of  water  supplied  at  end  of  ezperi- 
,  n pounds      --.... 
Pounds  of  water  evaporated  per  hour,  durittg  stesd;  sclion  - 


[er  per  sq.  fl.,  bj 
Water  etapomlea  by  1  of  coal,  from  initial  temp,  (a J  final  remit 
"1- evaporated  by  1  of  conl,  fforo  initial  temp,  (h)  during 


inofacTeral  obserratiaus 


"'■'.- 


ing  below  ■      ^     _ 
n  temp,  of  wet  bulb  thermometer,  during  steady  pressure 
ji  lempcialure  of  air,  on  arriving  at  tlie  grata 
.11  temperature  of  gases,  when  arriving  at  lb*  chimney    - 
.    n  letnperature  of  steam  in  the  boiler         .  .  - 

Mean  leniperalure  of  attached  ihemiomeleT    •  -  ■ 

n  height  of  Inromeler,  in  inchea  -  ,  -  . 

n  number  of  volumes  of  air  in  manometer 
n  height  of  mercury  in  iQanomeler,  in  atmospheres 
n  height  of  water  in  syphon  draught-gnugs,  in  inches      - 
Mean  lemjieralure  of  dew  point,  by  calculation 
Mean  eoin  of  temperature  by  the  air,  before  reaching  grate   - 
Mean  difference  between  steam  and  escaping  gases     - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  ciilcm 
Wat«r  to  1  of  coal,  from  2120,  corrected  for  lemperaturB  of 

Pounds  of  water,  from  212°,  to  1  cubic  foot  of  coal   - 
Water,  from  213°,  to  1  pound  of  combustible  maUer  of  the  fuel 

can  pressure,  in  pounds  per  tqunre  inch,  above  atmosphere 
Condition  of  the  oir-plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper,  L.  louer) 


Doc  No.  276. 

^  Tajbi^^s  XI,  xn,  xni,  xiv. 
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Trial. 
X/T.) 


Averages. 


Remarka. 


.  8. 

25.417 
4.717 
14.07 
377.5 
18.75 
8.0 
690.75 
650.77 
39.98 
55.672 
98.002 
6.993 
7.449 
0.8780 
11.786 
993.0 
830.5 

aae.o 


104.0 

^31.15 
Z4.898 

2.466 
2.459 
9.2727 


10.3734 
577.51 
11.2083 
1.4193 
6.1930 
Cloaed. 
U.    8 


40.188 

53.7602 

91.6888 

6.524 

6.9702 

8.1114 

12.4827 


805.502 
12.8865 

2.1331 

8.9528 

8.7043 
7.0011 


2520.952 
274<>.792 


.2568 

1670.175 
450.697 
8.9196 

10.0576 

540.785 

10.8072 

1.4232 

6.2498 


The  unburnt  coal  left  when  the  damper  was  drawn  8 
inches,  was,  by  a  mean  of  3  trials.  30.92  lbs. ;  and 
when  the  damper  was  opened  but  4  inches,  it 
amounted  to  67.9i9  lbs. 

The  largest  proportion  of  waste  appears  on  the  third 
trial,  when  the  combustion  was  most  retarded. 

The  most  rapid  combustion  (on  the  first  trial)  will  be 
observed  to  eive  by  far  the  highest  proportion  of 
clinker ;  and,  viet  versa,  as  seen  on  tne  third  trial. 


The  mean  of  the  first  and  fourth  trials  shows  that  with 
the  damper  drawn  8  inches,  and  the  air-plate  closed, 
the  evaporation  was  15.087  cubic  feet  per  hour; 
while  the  third  trial,  with  the  damper  arawii  but 
4  inches,  and  air-plate  also  closed,  tne  evaporation 
was  but  9.171  cuoic  feet  per  hour;  or,  the  difi*er- 
ence  is  39.2  per  cent,  of  the  former  number. 


The  slow  combustion  produced  by  drawing  the  damp- 
er but  4  inches,  durinc  the  third  trial,  evidently 
reduced  the  useful  emciency  of  the  unit  of  com- 
bustible matter  from  11.056  to  10.054,  or  9  per 
cent. 
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No.  4. 

Peach   Mountain  anthracUcy  sent  by  the  Delaware  Chal  0(miptm§ 

Philadelphia. 

V 
This  sample  of  coal  was  accompanied  by  the  following  letter  fiom  imv 
president  of  the  company,  certifying  its  origin : 

"  Office  op  the  Delaware  Coal  Compant, 

Philadelphia y  September  27, 1848. 

<'  Sir  :  Enclosed  please  find  a  bill  of  lading  per  sloop  General  Bbon- 
field,  Skinner,  for  eight  hogsheads  containing  about  three  tons  of  uubrokci 
Peach  Mountain  red  ash  anthracite  coals,  mined  by  this  company  belov 
what  is  called  the  "  water  level,"  on  one  of  the  seams  now  worked  by  il^ 
on  a  tract  of  coal  land  known  by  the  name  of  Peach  Mountain,  and  bo- 
longing  to  the  company,  situated  about  two  miles  above  PottsTiUe,  k 
Schuylkill  county,  Pennsylvania. 

''  I  note  these  facts  as  being,  according  to  my  recollection  of  an  adver- 
tisement of  the  Navy  Department,  requested  to  be  communicated  wiik 
any  samples  of  coal  which  might  be  sent  to  the  navy  yard,  for  the  expA 
ments  intended  to  be  made  on  the  different  kinds  of  coals,  to  test  their 
relative  value  for  the  purpose  of  generating  steam,  &c.,  and  for  which  I 
respectfully  tender  the  eight  hogsheads  now  forwarded  by  the  Geneni 
Bloomfield.  I  shall  esteem  it  a  favor  to  have  the  results  of  your  ezperi- 
ments  on  all  the  varieties  which  have  been  forwarded  under  the  invitatioa 
of  the  department  for  trial,  and  particularly  of  the  Peach  Mountain,  whfli 
you  have  had  them  made. 

"  I  am,  sir,  very  respectfully,  your  obedient  servant, 

"JOHN  WHITE,  President. 

"  Beverly  Kennox,  Esq., 

^^Commandaut  of  the  Navy-yardyWashington^  D.  C" 

The  exterior  characters  of  the  Peach  Mountain  anthracite  are — ade» 
jet-black  color;  an  uneven  splintery  fracture  ;  a  lustre  varying  from  dull 
to  shining,  according  to  the  direction  in  which  the  fracture  is  made.  Lika 
all  the  other  anthracites,  it  was  wholly  unaffected  by  atmospheric  iuflo- 
ences  in  a  period  of  eighteen  months,  during  which  they  were  in  my 
charge. 

This  sample  is  more  easily  separated  at  the  surfaces  of  deposition  thtn 
most  of  the  whiteash  coals,  but  less  so  than  that  of  Lyken's  valley.  It 
has  no  exterior  indications  of  impurity,  such  as  discoloration  from  oxide 
of  iron,  or  efHorescences  of  metallic  salts.  It  has  certain  surfiices  polished 
and  minutely  striated,  appearing  as  if  they  had  been  subjocted  to  frictioo 
under  intense  pressure.  This  feature  is  not,  however,  of  so  frequent  oe- 
currence  in  this,  as  in  many  other  samples  of  anthracite. 

Its  specific  gravity,  determined  by  two  specimens,  was  found  to  be 
1.465  and  1.4632 — the  mean  of  which  enables  us  to  calculate  the  weight 
of  a  cubic  foot  of  solid  coal  at  9L.505  pounds.  But  the  weighing  of  70 
charges  of  2  cubic  feet  each  in  the  state  of  lumps  gave  53.7939  poundi 
per  cubic  foot,  proving  that  the  actual  weight  in  the  market  is  but  05878 
of  the  calculated  weight  in  the  mine.  The  same  data  prove  that  41.64 
cabic  feet  of  space  will  be  requued  foi  \\i^  ^vo^vo^  of  one  gross  ton. 
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Id  analyzing  the  two  specimens  above  refefred  to,  the  first  gave  of 
noisture  1.128,  and  the  second  1.06  per  cent. ;  and  of  other  volatile  mat- 
»r,  the  tirst  gave  3.272  per  cent.,  and  the  second  2.66.  From  these  two 
liuls,  the  total  volatile  matter  is  4.01  per  cent. 

Another  experiment  to  determine  the  moisture  and  volatile  matter  was 
iwde  by  taking  40  specimens  of  the  coal,  (some  out  of  each  day's  burning,) 
ind  from  each  separating  a  small  fragment ;  ail  the  pieces  being  as  nearly 
IS  possible  of  the  same  size.  These  were  then  pulverized  together,  and 
iquantity  of  the  powder  taken  for  analysis.  It  yielded  of  moisture  0.415 
jer  cent,  and  of  other  volatile  matter  6.66  per  cent. — total  6  966. 

From  28  pounds  of  the  coal  dried  in  the  apparatus  attached  to  the 
boiler,  the  moisture  expelled  was  1.897  per  cent. 

100  grains  of  the  second  specimen  above  mentioned  gave  0.0062  of  a 
grain  of  sniphur. 

The  total  volatile  matter  obtained  by  Dr.  King  from  two  specimens  of 
this  coal  was  5.7  per  cent.  To  ascertain  the  amount  of  earthy  matter  in 
the  two  specimens,  three  trials  were  made  on  the  first ;  the  mean  result  of 
which  was  6.62  per  cent  of  reddish-gray  ashes.  On  the  second,  four  in- 
cinerations gave  a  mean  result  of  6487.  The  perfect  incineration  was 
secured  bykei'ping  the  assays  in  the  muffle  at  a  full  red  heat  for  more 
than  twelve  hours. 

On  the  powdered  coal,  from  forty  different  specimens  above  mentioned 
vas  made  an  experiment  to  obtain  the  mean  amount  of  earthy  matter, 
which  for  803  grains  of  coal  showed  6.68  grains,  or  6.948  per  cent,  of 
uhes  of  rather  deeper  color  than  those  from  the  two  specimens  above 
tried.    This  differs  from  the  mean  of  those  two  0.395  of  1  per  cent 

During  the  six  trials  of  this  anthracite  for  evaporative  power,  there 
were  burned  7,371.876  pounds;  from  which  the  "total  waste"  was 
511.118  pounds,  or  6.933  per  cent  Of  this  amount,  a  pretty  large  por- 
fion  was  separated  in  the  state  of  clinker,  varying  from  35  to  48  per  cent 
of  the  whole.  The  proportion  of  clinker  in  this,  as  in  other  coals,  will  be 
(und  greater  or  less,  according  to  the  greater  or  less  rapidity  of  the  com- 
bostion,  aa  will  be  apparent  from  the  following  table  of  trials  above 
Rferred  to: 
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From  the  above,  it  will  be  perceived  that,  when  the  ooal  was  h 
the  rate  of  about  104  pounds  per  hour,  the  clinker  was  49  per  ceo 
total  waste ;  and  when  at  78  pounds  per  hour,  on  a  grate  of  the  ss 
only  35  per  cent 

The  total  amount  of  ashes,  it  will  be  seen  from  column  fifth,  was 
pounds ;  of  which  a  trial  by  reincineration  proved  that  22.01  p 
or  62.67  pounds  was  combustible — leaving  only  222.063  pounds  < 
matter.  The  clinker  lost  nothing  by  reincineration,  but  j^ned 
per  centage  by  perozidizing  some  portions  of  the  magnetic  ozidi 
found  in  the  interior  of  its  masses.  Hence  the  true  proportion  o 
matter  in  this  coal,  exclusive  of  the  dust  which  passed  into  the 
ijj=  6.083  per  cent. ;  and  including  that  dust,  it  is  6.1253 
lows  that  the  analysis  of  forty  specimens  gave  a  residue  ( 
cent,  greater  than  the  combustion  of  three  tons  of  the  coal — aresu 
may  be  accounted  for  by  the  fact  that  some  dust  is  lost  in  the  cod 
on  the  grate,  which  does  not  happen  in  the  muffle ;  and  that,  in 
ing  fused  and  vitrified,  the  hydrated  earths  lose  water,  becoDiin 
drous  silicates.  This  last  circumstance  is  indicated  in  the  tabi 
given,  in  which  it  will  be  perceived  that  the  three  trials  which  yie 
least  proportions  of  waste,  (Nos.  I,  2,  and  6,)  are  those  in  which 
was  burned  most  rapidly,  and  in  which  the  proportion  of  clinker 
higher  than  that  in  the  three  remaining  trials. 

The  clinker  was  taken  from  the  grate  in  large  fragments.  It  w 
necessary  occasionally  to  withdraw  it  during  the  progress  of  th* 
ments,  in  order  to  maintain  the  activity  of  the  fire  and  the  unifor 
of  the  boiler.  Its  color  is  dark  reddish  brown  without,  and  neai 
within.  It  is  thoroughly  fused  and  completely  agglutinated  iD' 
The  portions  of  white  slaty  and  unfused  matter  adhering  to  it  a 
less  frequent  than  in  several  other  samples  of  clinker  which  hj 
under  observation.  Its  weight  per  cubic  foot  was  found  to 
pounds,  while  that  of  the  ashes  was  58  09  pounds.  6  pounds 
were  found  in  the  flues  ai)er  the  trials  of  this  anthracite,  which 
at  the  rate  of  22.4  pounds  per  cubic  foot,  and  proved  on  reincine 
contain  51.75  per  cent,  of  incombustible  matter. 

It  appears  from  all  the  above  data  that  the  constitution  of  this 
cite  may  be  taken  as  follows : 

Volatile  matter,  (from  io  specimens)    -  -  -        6 

Earthy  matter,  (fJtom  the  same)  -  -  -        6 

Fixed  carbon  -  -  -  -  -  -      8€ 


Total IOC 


Its  ignition  is  efiected  with  difficulty — having  required,  on  an 

8.S37  hours  at  each  trial  to  bring  the  boiler  up  to  its  uniform  n 

tion.    When  once  ignited,  however,  the  combustion  is  contini 

the  greater  part  of  the  contents  of  the  grate  have  undergone  inci 

The  mean  amount  of  unburnt  anthracite  withdrawn  was  onl 

""ds ;  which  is  only  about  four-fifths  as  much  as  was  left  of  th 

cite,  one-half  as  much  as  of  the  Lackawanna  coal,  less  l 

'  mnch  88  of  the  Beaver  Meadow  mine  No.  6,  and  less  t 

much  88  was  withdrawn  after  using  Beaver  Meadow  14 

I  that  there  were  \e&  \n  \!l[i^  ^w^xe — 
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ach  Mountain  anthracite 

Per  cenL  of  carbon. 
1.620 

irest  Improvement 

aver  Meadow  No,  6        -            -            • 

2.480 
2.710 

high       -            .            .            .            - 
ckawanna          .            .            .            . 

1.764 
2.676 

aver  Meadow  No.  3        - 

4.800 

'ken's  valley       •     '      - 

2.898 

nner  in  which  this  coal  acts  upon  the  grate,  and  the  readiness 
[i  its  cinder  agglutinates  itself  to  bricks  and  other  substances  of 
nature,  will  constitute  some  objection  to  its  use  in  generating 

iu  parlor  grates,  where  a  slower  combustion  is  maintained,  it 
md  to  sustain  a  high  character.  The  synoptical  table  shows 
aporative  power,  it  stands  at  the  head  of  the  anthracite  class. 
\  was  a  full  sample  of  this  coal,  several  variations  in  the  mode 
ting  its  combustion  were  applied.  It  will  also  be  observed  that 
e  was  taken  to  give  the  tuel  an  opportunity  of  showing  its 
!  first  trial  having  been  commenced  at  40  minutes  past  midnight, 
ded  to  7  o'clock  in  the  evening,  and  other  experiments  pro- 
t)ugh  many  hours  of  steady  action. 
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TABLE  XVU-m( 
Firtt  trial — ig)per  danger  8  male*  optn;  tarfUudml; 
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The  period  of  rteady  action  to-day  is  from  8A.  Ibm.  a.  m.  to  6h,  20m.  p.  m.  =  lOA.  &ii.,  durii 
which  21  seta  of  observations  occur.  CoiU  supplied  to  grate,  1,047  Iw.;  water  to  boiler,  9;i 
lbs. 
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u/o  cAuwMy,  and  wuiU  funtaet  in  action. 
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WalcrO.n  inch  belownorinat  level;  commeaced  Bring; 

jafeiy  valven  dooble  weiKh'rd- 
Wood  conitumed,   I88(  lbs.;  commenced  charging  niih 

cohI  ;  waler  0.46  inch  above  normal  level. 
Remaved  addiiional  veighu  Irom  ^afelf  valves  tx  3i(.4Sn.i 

aiesni  ihpn  blum-  oC 
Ash  pii  closed,  and  its  cont?nls  Ihrown  on  grate. 
Sieatn  a  liltle  abiive  eqailibriam. 

Steam  blav^  oSintij;  moiDin^clondj;  iriDd  NE.,  lighl. 
Fire  getting  inio  llrelj  sciion. 

Put  38  lbs.  ol  tbis  coal  in  drying  appiTalDt. 

Phi  addiiijnjl  weight  on  kafeiy  valve  (front)  to  prevenl 

foamiog. 
Normal  level  lemporaiily  adjnaied  at  1  ini^h  belov  what 

it  has  heretaliiie  been,  to  increase  aieain  chamber. 
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Waler  in  boiler  adjuMed. 

RESIDUA. 

P-md,. 

U.96 

Dd  bridge. 0.302 

40.BO 

i  bridge a.88 

rand  aiihts 67.933 

1  ashes O.Wl 

fivmcoal s 67.341 

94.871 
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TABLE  XX— PEACH 
damper  4  vndtitt  open;  air  plates  cbaid; 


TEMPEaATURCa  OF  THE 
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0 
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1 
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Date. 

Hoar. 

D  air  eoterii 
low  aish  pit. 

9 

a 
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s 

s 

n 

^  • 
•S  b 

a  = 

a 

Ji 

e 

S 
a 

%m 

« 

u 

1 

a 

a 

o 

a 

o 

o 
a 
m 

a 

o 

Dines  of  air 
nometer 

fit 

S 

m 
u 

0 

O 

73 

< 

3 
CD 

;3 
84 

CO 
V 

210 

s 

< 

78 

> 

1 

Aug.  lb 

h.  f». 

A.  M. 

3.45 

78 

206 

202 

29.87 

0.350 

7.05 

• 

O.IS 

105.(X 

4.45 

78 

72 

191 

244 

84 

230 

77 

29.87 

0.525 

5.33 

0.19 

IO6.50I 

5.15 

77 

7i 

192 

292 

84 

234 

76 

29.89 

0.583 

4.74 

0.21 

- 

- 

5.45 

a.ib 

78 

•  •  •  • 

72 

•    #    #    V 

194 

304 

83 

329 

76 

29.89 

0.521 

5.36 

0.20 
0.27 

- 

100.50 

78 

72 

ft  #  #  # 

196 

354 

83' 

'230 

'■76' 

'29!89 

'o.'m: 

5.30 

6.45 

7^ 

72 

200 

394 

84 

232 

77 

29.90 

0.539 

5.18 

0.36 

65 

looTsfli 

7.15 

H.OO 

80 
82 

72 
73 

207 
226 

390 
420 

84 
80 

230 
230 

78 
80 

29.91 
29.93 

0.535 
0.543 

5.33 
5.14 

0.30 

617 

99.00 

0.35 

ioio' 

^ 

H.a) 

86 

75 

243 

400 

80 

232 

81 

29.93  0.539 

5.18 

0.34 

1410 

^ 

i».(K) 

b6 

76 

263 

410 

80 

233 

81 

29.92i  0.554 

5.03 

0.33 

1868 

106.50 

W.'M) 

87 

76 

282 

390 

80 

233 

82 

29.93  0.546 

5.11 

0.30 

3383 

UH.S 

10. (K) 

86 

75 

2!»6 

390 

81 

233 

82 

29.93  0.553 

5.04 

0.31 

3050 

. 

10.3*) 

86 

74 

313 

3fi0 

82 

232 

82 

29.93  0.545 

5.13 

0.30 

3633 

^ 

11.(0 

90 

77 

335 

340 

82 

232 

82 

29.93  0.543 

5.14 

0.38 

4092 

106.50 

li.'M) 

yi 

76 

343, 

340 

82 

232 

83 

29.93 

0.539 

5.18 

0.33 

4566 

- 

V.  M. 

0.(H) 

90 

76 

34S 

340 

81 

232 

84 

29.93 

0.533 

5.34 

0.30 

4954 

100.00 

0.30 

w 

76 

348 

:m6 

82 

232 

86 

29.93 

0.530 

6.27 

0.33 

6313 

_ 

1.10 

91 

75 

345 

350 

82 

232 

87 

29.95 

0.528 

5.29 

0.31 

5759 

_ 

\.'M) 

iV 

74 

346 

340 

82 

232 

88 

29.94 

0.525 

5.32 

0.30 

6054 

109.50 

\2.(H) 

W 

76 

352 

370 

82 

232 

87 

2i).94 

0.539 

5.18 

0.36 

6542 

« 

V».30 

W 

75 

348 

348 

82 

232 

86 

29.94 

0.529 

5.28 

0.30 

6844 

. 

3  (H) 

90 

75 

349 

338 

82 

232 

86 

29.94 

0.533 

5.24 

0.32 

7214 

107.75 

3  30 

Ih) 

76 

349 

340 

82 

232 

86 

29.94 

0.533 

5.24 

0.30 

7566 

. 

1  (N) 

95 

77 

350 

324 

84 

232 

86 

29.94 

0.522 

5.35 

0.25 

7846 

100.50 

4  :to 

90 

71 

346 

:M2 

84 

23-^ 

85 

29.94  0.537 

5.20 

0.27 

8251 

. 

5  00 

IK) 

74 

346 

3(U) 

84 

232 

85 

29.94  0.537 

5.20 

0.30 

8561 

. 

5.30 
t'l.OO 

91 

75 

355 

334 

84 

232 

85 

29.94 

0.5-29 

5.38 

0.26 

8947 

118.00 

• « •  • 

•    k    •   « 

75 

•  •  •  • 
355 

•  •  •  • 
310 

•  •  •  • 
84 

•  •  •  • 

230 

•  •  •  • 

85 

'29!94 

'6. '525 

"b.Z2 

'6!26* 

10221 

•  •  •  • 

Auk  hi 

A.  M 
1     15 

74 

69 

230 

190 

84 

226 

77 

30.00 

0.482 

5.74 

0.15 

. 

■ "      n 

ri  *J5 

74 

IW 

228 

184 

84 

210 

75 

30.00 

0.355 

7.00 

0.13 

12191 

" 

Tlir  tH'iiii.l  (if^irndy  action  tivday  is  from  7A.  45at.  a.  m.  to5A.  lOai.  p.  m.=  9A.  S&814  ^ 
Mii|»|i|iril,  H(il  lbs.;  waior|7,Hinb!«i  sets  of  observations^  30. 
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ifan  UroHM  into  damtty,  and  maUfamact  tn  ttction. 
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a 

s-^ 

ss 

=  1. 

ft 

»:s 

S  a 

9^ 

h 

■ 

U 

£S 

1-^ 

B< 

^ 

11 

^§1 

-  1 

IIKMARKS.-Qr»l<:  saritte  14.07  MOtre  feel;  lengih  of 
cifcnii  of  hoi  airsas  ten;  keigbt  of  chlmnej  63  leet. 

i: 

s:! 

t     ' 

!  = 

.5 

Ill 

tj^ 

tl 

h 

o 

o" 

a 

« 

i.*. 

MS 

7i-n 

1S8 

—  8 

- 

FirMchBrseihrown  00  gfaie behind  wooil;  valer  0,1  inch 
above  Dormal  level;  commenced  flriog. 

4.13 

113 

4-14 

Second  werjtht  on  bateiy  vai.e;  wood  consowed.  85.5  Ibi. 

611.9 

US 

58 

- 

Second  weights  removed  Ootn  safely  valves;  lonref  damp- 
er «i  ai  4  inches  . 1 5*.  0«.  «.  ro. 

i.B 

69.5 

116 

75 
194 

Morning  cleai^  wind  NE.,  lighi;  raia  luC  oighL 

ej's' 

"iie' 

its 

ffl.2 

131 

163 

0.56R 

7.« 

69.6 

127 
144 

160 

■i.aeo 

Filled  lanit. 

"m 

'a"37i 

71. a 

IS7 

16a 

2.765 

e,« 

72.7 

177 

177 

3.169 

9.30 

7i-4 

195 

157 

3.561 

Small  additional  weJghlB  on  valves  lo  prewol  pciming. 

71. d 

310 

157 

4.515 

Fire  in  vigorooB  aeiioo. 

ra.7 

aar 

138 

4.034 

I1.0O 

73.0 

845 

IM 

3.533 

71.3 

353 

108 

3.-J80 

Filled  iankaiIU.47ni.  a.  m. 

1117 

71.5 

sse 

108 

8.685 

70.9 

■te6 

114 

8.484 

69.7 

SS4 

IIH 

9.315 

1-30 

6S.4 

i»6 

108 

3.ofia 

70.9 

seo 

138 

3-377 

Wind  NW.,  brisk;  clear. 

W.4 

%6 

116 

8.0SKI 

rii 

«9A 

3S7 

106 

S.560 

70.9 

957 

lOS 

3.43fi 

Filled  lank  ai  3*.  35ni.  p.  m. 

i.h 

71.5 

855 

93 

1.93rt 

65.4 

tee 

130 

3.  BUS 

e»A 

AS6 

148 

9.145 

s.ifl 

69.7 

964 

10  i 

3.674 

'td.'o' 

"«4' 

"'so' 

Wiier  in  boilCT  lefi  at  1.5  inch  above  normal  level. 

66.6 

1S6 

-36 

Very  liltle  fire  on  erale. 

66.6 

154 

-"         - 

Waler  in  boiler  adjualed. 

Oiaker 44.00 

Cliaker  behind  bridge 0.433 

i<h» 47.00 

ishei  behind  bridge B.M 


icftomeoal 96.731 
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TABLE  XXlr-~T&u4 
S  iiuhtt  <^ea  ;  mrplaltiik 


TBUpeuTCiin  or  tbb 

r 
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1 

fr 

i  m 
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i   *W 



Dale, 

Boor. 

k 
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li 
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1 
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1 
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1 

1 
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iS 

0 

.H 
1 

J 

.5 

1 

■s 

^1 

i" 
1 

i 

1 

i 

ADg.  IC 

A.<ii 
5.40 

71 

69 

33b 

IM 

S4 

910 

75 

30. 0( 

0.355 

7.00 

0.13 

MJ 

6.30 

73 

69 

31d 

- 

84 

938 

U 

30.00 

0.53- 

5.30 

0-18 

- 

lOM 

7.00 

76 

69 

306 

»IG 

84 

3S6 

74 

30. « 

0.59T 

4.61 

O.SI 

1.30 

76 

69.5 

904 

250 

71 

«S 

75 

30.03{ 

0.646 

4,13 

0.90 

nkTo 

8.00 

M 

71 

904 

■i50 

77 

844 

77 

30.  Oi 

0.B76 

3.84 

0.9D 

8.10 

M 

73 

M3 

35H 

77 

245 

77 

30.0s 

0.684 

3.75 

OM 

8.40 

m 

73 

.*" 

368 

77 

349 

80 

30.83 

9.ea6 

3.«4 

0..1 
O.SI 

- 

T.M 

ai" 

n" 

ao6 

'^e 

'ri' 

aw 

"ai" 

'3d!04 

"o'.w 

'sleo' 

9.30 

^ 

71 

ai4 

398 

78 

250 

83 

30.06 

•.711 

3.48 

0.31 

71 

m'l 

10.00 

8i 

71 

3£6 

3tui 

78 

350 

83 

30. 0( 

0.714 

3.45 

0(93 

10.30 
MOO 

84 

71 

3S3 

370 

301. 

306 

78 

78 

350 
S50 

84 

84 

30.06 
30.0« 

0.714 
0.7H 

3.45 

3J8 

0.91 

iei5 

WJM 

'o'm 

'isM 



11,30 

«£ 

73 

i!9e 

300 

80 

351 

84 

30.06 

0.719 

3.40 

0.S1 

axn 

weTT! 

0.00 

66 

73 

3C« 

313 

81 

asi 

84 

30.04 

•.7tfl 

3.43 

0.31 

9B05 

ua.9 

0.30 

88 

73 

325 

311 

81 

351 

64 

30.01 

o.7ir 

3.44 

0.91 

3075 

1,00 

90 

74 

356 

311 

83 

953 

84 

30.03 

0.713 

3.48 

0.33 

3388 

1.3(1 

90.6 

74 

370 

3ifll 

83 

353 

84 

30.0) 

O.T» 

3.40 

0.34 

3875 

IOs'T! 

2.(10 

H 
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2H 

83 

MS 

8ft 

lO.OI 

o.Kn 

3.60 

O.SI 

4411 

■i.M 

96 

79 
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310 

83 

951 

w 

M.OJ 

o.m 

3.6(1 

0.91 

4853 

M'e 

3.00 

91 

75 

396 

314 

83 

959 

85 

».» 

0.137 

3.53 

0.31 

5380 

3.30 

»7 

76 

413 

308 

83 

350 

85 

30.01 

O.Tlfi 

3.44 

0.31 

67M 

lei.'ii 

4,00 

»G 

76 

40R 

304 

h4 

353 

85 

30.01 

0.7» 

3.59 

0.91 

Si996 

4.40 

95 

75 

m 

888 

84 

351 

85 

30.01 

0.714 

3.46 

0.!0 

6548 

m'tt 

5.™ 

94 

75 

417 

390 

85 

959 

85 

30.00 

O.W 

3.51 

0.30 

6798 

5,30 

»G 

76 

4dl 

290 

85 

351 

85 

30.00 

0.7(» 

3.51 

0.90 

7108 

e.oo 

93 

76 

498 

a8j 

85 

353 

84 

30. Oj 

0.:«i 

3.59 

0.90 

7448 

las-oi 

I!, 30 

«fi 

76 

428 

388 

84 

950 

84 

30.01 

0.710 

3JW 

0.90 

7774 

1.00 

S7 

76 

436 

290 

85 

352 

83 

30.01 

O.G9< 

3,63 

0.30 

S348 

\\i.a 

■g'so* 

9a" 

74" 

■Jio 

'S85 

'85 

MO 

'ai' 

M.W 

"o'.im 

"S^M 

'6!« 

....J 

10  35 

fS 

74 

402 

278 

88 

946 

81 

30.04 

cat 

3.74 

0.19 

mm 

Aog.n 

74 

lis 

fSiH 

941 

Pfi 

343 

76 

so.ns 

0.S5C 

4.  to 

0.15 

8.35 

^ 

74 

353 

810 

79 

910 

78 

30.04 

0.35( 

7.05 

0.15 

ISM6 

Period  nr  itMdr  ■ciloD  lojir,  from  101.  10m.  ■.  m.  to  a.49B.p.iB.=8L33M^  vti|kirf 
CM)  •applied,  8&1  lbs.;  nwer,  7,617  Ih.;  «ettof  obMtmiiiiutalKD,  17. 
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maB  fitnuet  m  aetitm,  and  additionalvfeighu  on  tafely-miha. 
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.1 

1 
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■i 
1 

1 

1 

1 

It 
III 

REMARKS.-GrBie  snrncc  14.07 sqn ore  fed;  Uaph  of 

circutluf  hot  air  131  ktt;  bfisbi  of  chimnej' 63  led. 

t.ta 

1.30 

7.30 

56.6 

B7.1 

6fi!o 

6K.9 
69.6 

154 
139 

131 
I2S 

m 

l->3 
104 

—36 

13 
19 

26 

48 
63 

56 

'"m 

55 

60 

60 
59 
6M 
68 
69 
&i 
58 
M 
37 

39 
30 

38 
3H 

0.376 

3.046 

3.629 

1.718 
3.49<> 
1.B5B 
3. SKI 
3.9:l9 
9.177 
3.368 
3.63.^ 
I.I55 
8-193 
1.986 
1.64J 
1-SOI 
1.T37 

Pirsi  ehaigt  ibrown  on  ^nle  behinil  wood;  waKr  in 
boiler  0  I  fnch  beb*  normal  lercl;  comniFDct'd  firing 
■i&(.40iii.B.  m.i  moroiDg  eInuJr :  wiod  N.,  llgbi. 

Wood  consumwl,  97  Iba. ;  3  neiehts  {94|  lbs.)  on  valTes. 

Pilled  tank;  GreReiiiiigiDla  moderate  action. 

Steam  blows  off. 

1.3U 

10.10 
ii.iil 

0.00 
1,15 

8.is 

J.iu 

4.30 

66.9 
6«.5 
66.5 

65.7 

65.7 
68.a 

6A.3 
67.5 
68.4 

68. 2 
7ll.!» 
74-3 

KS.8 
69.5 
60.H 

6a.  5 

64.8 
69.8 
70.6 
73.1 
73.4 

1^ 
13d 
Nl 

IBS 

186 
;>Oti 

214 
■337 

rim 

'28-2 

a94 

30* 
316 
313 
3*7 

3iS 
3J5 
340 
319 

Id  f  onsrqoeDce  of  the  lendenCT  of  the  boilef  to  priming, 
1     it  H-as  necew^ary  at  10*,  a.  to,  to  loid  down  the  frotil 
}     VBlve.and  rei!u<:e  the  water  leiel. 
)  Asno  wflier  appcBrsine'rapf  wiihlbesienm  frotti  baclt 
v»lve,  water  in  boiler  will  be  graduallr  brought  op  \o 
usual  briEht. 
Waier  at  usoal  height  above  normal  level. 

Filled  lank. 

WindNW.plijrht, 
Wind  NE.,  light- 
Filled  IbqIc  at  4A-  50m.  p,  m. 

Combustion  b*?innin)r  tob*  much  impeded  by  the  clinker 
accumulated  on  the  graie.and  which  isdifficuliio  le- 

- 

69.1 

ra.o 

66.6 
71.0 

333 

317 

Iftl 
J70 

35 
33 

—  1 

±0 

- 

Contents  of  a-sb  pit  thrown  on  grate  at  7A,  p.  m,;  at  9A. 

30m.  p,  m,,  vaierS.9  inches  below  nnrmni  level. 
Water  brought  lu  1.3  inch  above  noimal  level ;  fire  still  on 

Filled  tank. 

Water  in  boiler  adjusted. 

RESIDUA. 

Clinker 39.000     Total  ashes  and  clinker 

(linker  behind  brit^ O.Ui     Deduct  wood  uhes.... 

Arte.  . *'J-2S0     Total  waste  frotn  coal., 

A>ka  behind  bridfe &.630  ' 


Tottl  ubM  ud  etiiku, , 


Coke. 39,084 

Sootlrom  fltin. ~6^     ' 
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1 

3 
3 

4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 

19 

20 

21 
22 

23 

24 

25 

26 
27 

28 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 


44 
U 

m 

47 


Nature  of  the  data  ftirniahed  by  the  iee|jctUte 

tablet. 


Total  duration  of  the  experiment,  in  hoon 
Duration  of  ateady  action,  in  houn 
Area  of  grate,  in  aouare  feet      -  •  - 

Area  of  heated  surface  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direa  radiation,  in  sq.  ft. 
Number  of  chai^^  of  coal  supplied  to  grate  - 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed 
Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  poundiL  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady 
action  .  -  -  «  « 

Pounds  of  coal  per  sq.  ft.  of  erate  suHhoe,  per  hour 
Total  waste,  asnes  and  clinker,  from  100  lbs.  coal 
Pounds  of  clinker  alone,  from  100  lbs.  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler  - 
Mean  temperature  of  water,  m  degrees  Fahrenheit 
Pounds  or  water  supplied  at  the  end  of  experi- 
ment, to  restore  level  ... 
Deduction  for  temperature  of  water  supplied  at 

end  of  experiment,  in  pounds 
Pounds  of  water  evaporated  per  hour,  during 
steady  action  .  .  .  .  - 

Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heaited  sur- 
face per  hour,  by  one  calculation 
PoundH  of  water  per  square  foot,  by  a  mean  of 
several  observations  .... 
Water  evaporated  by  1  of  coal,  from  initial  temp. 

(a)  final  result  .  -  .  - 
Water  evaporated  by  1  of  coal,  from  initial  temp. 

(b)  during  steady  action  r  '  * 
Pounds  of  fuel  evaporating  1  cubic  foot  of  water  - 
Mean  temperature  of  air  entering  below  ashpit, 

during  steady  pressure  -  .  - 

Mean  temperature  of  wet  bulb  thermometer,  du- 
ring steady  pressure  -  -  -  - 
Mean  temf»eraturt;  of  air,  on  arriving  at  the  grate 
Mean  temp,  of  gases,  when  arriving  at  chimney  - 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches     - 
Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atroos. 
Mean  height  of  water  m  syphon  draughtpgauge, 
in  inches        -           -           -           -  - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temp,  by  the  air,  before  reachinggrate 
Mean  difference  between  steam  and  escaping gasee 
Water  to  1  of  coal,  corrected  for  temperature  of 
water  in  cistern          .           .           -  - 
Water  to  1  of  coal,  from  2120,  corrected  for  tem- 
perature of  water  in  cistern   -           -  - 
Pounds  of  water,  from  2120,  to  1  cubicft.  of  coal  - 
Water,  from  2120,  to  1  pound  of  combustible 
matter  of  the  fuel       -          •          •           - 
iietfi  pressure,  in  atmospheres,  above  a  vacuum 
iietfipresBure.  in  lbs.  persq.  inch,  above  atmos.  - 
Condition  of  the  air  plates  at  the  foraaoe  bridge 
imebetapeaang  of  damper,  (U.  upper, L. lower)  I 


n- 


Jh9.m. 


10.063 
14.07 
377.5 
18.75 
15.0 
1585.75 
1566.395 
19.355 
52.858 

103.83 
7.379 
6.187 
3.014 
48.709 
14565.0 
760.8 

2180.0 

288.0     . 

916.16 
14.66 

2.427 

2.414 

9.1145 

8.8233 
6.8572 

800.12 

730.31 
3270.0 
2850.26 
2320.83 
750.44 
30.007 
5.003 
.5573 

.2824 
700.73 
2460.88 
520.2 

9.0836 

10.274 
543.08 

10.953 
1.468 
6.911 

Closed. 
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6.50 
14:07 
377.S 
18.75 
'10.0 
1089.0 
1075.895 
23.175 
54.95 

108.384 
7.S76 
6.993 
3.157S 
45.149 
10163.0 
770.3 

595.0 

67.0 

1090.30 
17.44 

9.8855 

9.888 

9.3849 

10.6491 
6.6609 

850.53 

740.41 

3930.59 

9980.S1 

9320.00 

800.65 

30.04 

5.179 

.5398 


700.55 
1380.06  . 
690.08  • 

9.3594 

10.578 
581.97  . 

11.3735 
1.4987 
6.3309 

aoaed. 

U.    8 


7!E 


i4.9r 

16.15 
lO.t 
U14.0 

loo.on- 

55.7 
89.711 

6.3n 

7.511 

44.9a 

10118.0 
79O.P 

1606.0 

906.0 

814.351 
13.00 

9.157 

9.1a 

9.1013 

9.078 
6.7797 

80P.81 

7iP.lO 


9990.47 

939P.06 

8Q0.4I 


5.01 

.5181 


710.39 

90iP.44 

670.57 


10.9«7 
570.31 
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XVI,  3nrn,  xviii.  xix,  xx,  xxi. 

antkneite  coaL 


m 

5tli  Trial. 

6th  Trial. 

Averages. 

Remarks. 

c) 

{TMe  XX.) 

(TabUXXI.) 

ft 

.^Hf.  15. 

.^.16. 

1 

25.667 
9.417 
14.07 
287.00 
18.75 
13.0 
1372.5 

26.917 
8.533 

14.07 
377.5 

18.75 

13.0 
1386.0 

9 

1343.977 

1356.976 

1 

28.523 

29.024 

26.646 

With  the  upper  damper  drawn  but  4 

B 

52.769 

53.308 

53.954 

inches,  the  unbumt  coal  left  is  34.87 
lbs. ;  in  the  other  five  trials,  the  mean 

S 

91.44 

99.73 

94.174 

amount  is  25  lbs. 

6 

6.499 

7.088 

6.694 

6 

7.197 

6.855 

6.969 

52 

3.2979 

2.8987 

3.0298 

8 

45.849 
12191.0 
820.5 

1964.0 

247.0 

42.238 
12246.0 
8IO.4 

1957.0 

254.0 

43.474 

»7 

832.98 

892.65 

877.384 

« 

» 

13.326 

14.28 

14.037 

)1 

2.902 

2.3645 

2.347 

FiAh  trial  omitted  in  makinj^  the  aver- 
ages, on  account  of  the  dinerence  in 

18 

2.884 

2.249 

the  amount  of  heating  surface. 

153 

8.887 

8.8373 

8.9933 

117 

9.11 

8.95 

9.3032 

ns 

7.0328 

7.0723 

6.94 

» 

880.17 

890.59 

• 

» 

740  83 

740. 19 

• 

) 

308^.09 

3490.67 

3050.38 

9 

I 

3620.61 

302O.(f 

2920.43 

FiAh  trial  omitted,  for  the  reason  above 

1 

2310.87 

2510.09 

assigned. 

1 

830.26 

840.0 

^7 

i5 

29.93 

30.029 

11 

5.206 

3.499 

r79 

.5364 

.7099 

171 

.3062 
700.33 

.2081 
680.91 

.2636 

FiAh  and  sixth  trials  leA  out  of  avoagt. 

1 

2190.92 

2600.08 

201.97 

t 

1350.9 

510.59 

570.74 

FiAh  trial  omitted. 

21 

8.8507 

8.8034 

8.9602 

e 

9.950 

9.923 

10.1118 

I 

52S.53 

0 

528.97 

545.695 

3 

10.7313 

10.6532 

10.8709 

56 

1.424 

2.0602 

1.4356 

Sixth  trial  omitted  in  this  avera^. 

81 

6.962 

15.657 

6.4325 

Sixth  trial  omitted  in  making  this  avei^ 
age,  00  account  of  excess  of  pressure* 

» 

CloMd. 

Closed. 
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Mo.  5.  ' 
Anthraeite  tent  iy  tha  LtMgh  Coal  and  Na«igallm  Cbtapi 


"  Office  of  thc  Lbhioh  Coal  and  Navigation 

"Pkiladelpkia,  July  13, 11 
«  Sir  :  I  have  taken  the  liberty  of  directing  to  yonr  address  foor 
heads  contaitiing  two  tons  of  our  coal,  that  it  may  be  submilled  to 
experiments  now  making  [I  believe  under  ytnir  superintendence)  for ' 
ing  the  comparative  value  for  generating  steam  of  different  kinds  of  i 
Our  intention  in  making  this  shipment,  of  which  a  bill  of  lading  is  h(_ 
annexed,  was  recently  communicated  to  you  by  Mr.  Josiah  White.  VT 
the  experiments  are  concluded,  we  hope  to  leun  the  result  from  yotL 
"  I  reraaia,  sir,  yours,  very  reapectfuliy, 

"J.  COX,  Pruidm 
« Pro£  W.  R.  JoHMBow,  .  ^ 

"Navy  yard,  Waa/tmgttn,  D.  C." 

The  aspect  and  character  of  Uiis  coal  leave  no  doubt  that  it  wiU 
for  any  desired  length  of  time,  either  under  shelter  or  in  the  ops^ 
without  material  change. 

The  coal  was  received  generally  in  lumps,  requiring  to  be  rediHSl 
order  to  be  burned  advantageously  on  the  grate.  Its  aspect  1*  [fal 
most  of  the  harder  anthracites,  possessing  a  deep  black  color,  riuB 
uneven  and  splintery  fracture,  with  occasional  exposiu^  of  coocJM 
forms  ;  a  striated  rather  grayish  appearance,  generally  indicarive  ti[  i 
siderable  portions  of  earthy  impurity,  marks  certain  surfaces.  TbeM 
of  deposition  are  seldom  followed  by  the  fracrures. 

The  specific  gravity  of  two  specimens  was  found  to  be  1.6126 
1.5679,  mm  which  the  calculated  weights  per  cubic  foot  ate  100.79 
97.99  pounds  respectively,  or,  on  an  average,  99.39  pounds. 

Thirty-six  trials  of  the  weight  per  cubic  foot,  in  the  state  in  which 
coal  was  received,  gave,  as  will  be  seen  on  reference  to  the  tables  of ' 
for  evaporative  power,  65.316  pounds,  or  0.5666  part  as  much  aq  that < 
puted  irom  the  specific  giavity  of  the  two  specimens. 

From  the  above,  it  appears  that  the  space  lequired  for  the  stowi^ 
ton  is  ViS'iV  "=  40.49  cubic  feet. 

Two  boxes  of  this  anthracite  were  reduced  to  egg  nse;  the 
weighed  119.5  pounds,  and  the  second  115  pounds — proving  that  ibM" 
weight  per  cubic  foot  in  this  state  is  58  625  pounds,  or  that  the  gnu  I 
would  occupy  only  38.2  cubic  feet. 

From  an  inspection  of  the  columns  in  the  tables  under  the  lieid 
"  weight  of  charges  of  coal,"  it  will  be  observed  that,  in  a  few  ooei 
which  the  charge-box  was  nearly  filled  by  one  or  two  large  lumfM]  I 
weight  percubic  foot  was  as  high  as  60,  and  even  61  pounds.  ButaW 
made  up  wholly  of  such  lumps  would  not  probably  weigh  macb, " 
all,  more  than  the  average  55.316  pounds  per  cubic  foot,  as  alrM4] 
tained.  The  moisture  from  specimen  a  was  fonnd  to  be  2.347  per 
The  trial  of  this  coal  for  moisture,  in  the  apparatus  connected  iri^  u 

Uer,  showed  no  appreciable  loss  from  drying.  A 

The  total  volatile  matter,  including  water,  vu  fimud  tote  ftfi 
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t  Tesidae,  after  incinerating  a  portion  of  the  first  specimen,  of 
specific  gravity  is  given  above,  amounted  to  6.663  per  cent. 
es  obtained  by  analysis  are  nearly  white,  or  only  marked  by  a 
ish  tint 

nspection  of  the  tables  of  experiments  on  evaporation,  it  will 
hat  there  were  burned  of  this  anthracite  3838.25  pounds  ;  and 
lU  the  trials,  there  were  obtained  ot  ashes  235.76  pounds,  and  of 
.25  pounds — total,  278.01  pounds  =  7.253  per  cent.  A  reduc- 
le  combustible  matter  remaining  in  the  ashes  caused  a  loss  of 

cent,  of  their  weight — leaving  only  171.82  pounds  of  ashes; 
ulverization  and  exposure  of  a  portion  of  the  clinker  to  reincin- 

a  bright  red  heat  caused  a  loss  of  8.89  per  cent,  reducing  it  to 
ods  fi)r  the  whole  amount  of  coal  consumed.    By  similar  treat- 
ounds  of  soot  were  reduced  to  3.156  of  ashes.    Thus  it  appears 
rue  total  waste  is  213.496  pounds,  or  5.562  per  cent, 
hese  data  it  should  seem  that  the  Lehigh  anthracite  is  composed 

:ile  matter  ....        5.285  or   6.285 

1y  matter  ....        5.562  or    6.663 

d  carbon  ....      89.153  or  88052 


100.  100. 


inkel*  of  this  coal  is  made  up  of  semi-vitrified  matter  and  firag- 
slate  nearly  white.  It  is  usually  in  small  fragments,  and  the 
don  is  not  sufficient  to  cause  much  obstruction  of  the  grate.  Its 
sr  cubic  foot  is  only  35.35  pounds ;  while  that  of  the  ashes,  in- 
ie  fine  anthracite,  is  46.55  pounds  for  the  same  bulk,  and  that  of 
rem  the  fines  is  19.51  pounds. 

ihe  table  of  deductions  relative  to  this  coal,  the  total  waste  is 
have  been  on  an  average  7.2235  per  cent  Hence  the  proportion 
stible  matter,  which  escapes  actual  combustion  and  separation 
;ve,  is  about  If  per  cent 

of  this  coal,  by  means  of  litharge,  gave  27.377  times  its  weight 
duced.  The  combustion  is  difficult  to  be  brought  to  its  maxi- 
vity,  as  evinced  by  the  fact  that,  on  an  average,  it  required  3.268 
m  the  time  the  wood  was  withdrawn  from  the  grate,  and  the 
larging  with  coal  had  been  commenced,  to  bring  the  boiler  to  its 
;tion;  and  the  impracticability  of  continuing  the  combustion  till 
)  of  the  coal  is  consumed,  is  proved  by  the  amount  withdrawn 
I  trial,  which  averaged  36.125  pounds.  The  character  of  the 
of  this  coal  indicates  its  adaptation  to  use  in  close  stoves  and 
in  which  a  high  temperature  is  required.  There  is  but  a  mode- 
tity  of  oxide  of  iron,  and  the  other  ingredients  show  but  litde 
to'  become  vitrified. 

smith's  fire,  this  last-mentioned  circumstance  would  be  rather 
ftble  than  otherwise,  as  it  would  tend  to  accumulate  cinders  in 
without  affording  facilities  for  their  removal — such  as  a  speedy 
to  a  fused  mass  gives  to  the  workman.  The  analysis  of  gases 
chimney  showed  a  large  proportion  of  unchanged  air — due,  in 
ree,  probably,  to  the  obstruction  which  the  air  meets  in  arriving 
rfiu^  of  the  coal^  from  the  coat  of  ashes  which  covers  its  sur&ce 
^mbustion. 
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TABLE  SXIUh 

Firsl  iTialr~vpper  damper  8  ineAet  open;  mrfhAa  (H 

TEupin.n-rua  or  Tin 

i  ' 

^ 

1 

c 
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44 

38 

m 
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54 
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46 
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o.ne 
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0.15 

! 

5.06 

43 

38 

m 
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52 
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6,77 

0.30 

:H 
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37 
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53 
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43 
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0.633 
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0-30 
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41 

36 
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333 

53 

234 

13 
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0.572 
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0-31 
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36 
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53 
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42 
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0,35 
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43 

38 
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53 
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12 
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19 

40 
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47 
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11.15 

48 

40 
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50 
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48 
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0.39 

m 

11.45 

M 

43 

199 

384 

50 
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48 

30.39 

0.553 

5.03 

0-38 

m\i 

0.16 

51 

43 

aos 

288 

50 

234 

48 

80.38 

0.569 

4.96 

0.S7 

ma 
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S 

41 
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50 
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48 

30-38 
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0.36 
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50 
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m 
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O.SfiO 
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Z. 

1.45 

56 
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46 
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51 
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0.36 
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57 

49 
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51 
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51 
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0.662 

4.9S 

0.36 
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" 

49 
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52 
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51 

30,37 

0.553 

5.06 

0-33 

5113 

4.15 

" 

49 
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52 
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51 

30.37 

0.6E0 

4,98 

0.36 
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56 

46 
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S3 
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51 

30-37 
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4.94 
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'aai 
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m' 
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46 

41 
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52 
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0.5BO 
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m 
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45 

40 
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52 

■m 

16 
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34 
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51 
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38 
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S^ 

Si 

=  S 

=  % 

1- 

Kt 

IB. 

a-s 

REMARKS.— Grate  surface  N.f)7  square  ftel;  Ifnph  of 

iS 

drcuilofheatcJairlJl  feel;  beighurchimiieyua  feel. 

=  -s^ 

s?2 

'^.; 

s^E 

^s^ 

Hi 

Q 

M 

-18 

- 

Commenced  Erlng  M  41.  SSir.  s.  m.;  fire  ligbted  in  small 
furnace  at  Fame  lime. 

70 

Morning  clfBr;  wind  NW  ,  light. 

M.5 

Consumed  31S.6  1lw.  of  wood;  comtaanced  charging  with 
coal  at  7*.  15»i.  «.  m. 

iW 

SiestQ  tscapM  ai  7A,  36bi.j  opp«r  damper  sel  at  8  inches  at 

BO 

+10 

11.425 

m 

23 

0.900 

96 

m 

3j 

3.135 

Fire  in  good  aciion  ai  9*,  55»,  ■-  m. 

43 

ITftfi 

l.Bil 

136 

l.91t 

FiUedlaDkBilI*.2in.a.m. 

141t 

49 

1.706 

157 

54 

3.235 

163 

35 

l.filS 

1.64-2 

Mi 

49 

1.79(1 

«7 

SO 

1.77( 

lump  nearly  fills  th«  box  JD  llie  Tih  charge. 

1.7K 

One  large  lump  in  Hth  charge, 

Filled  lttukal3A.40iii.  p.  m. 

915 

43 

1.76( 

4R 

S'M 

47 

1,308 

Two  large  lamps  it)  9ih  charge. 

-»1 

60 

9.251 

Contents  of  ash  pit  thrown  on  grate. 

3^S 

37 

Water  in  boiler  left  at  1,25  inch  above  normal  level. 

333 

24 

Steam  slill  escapes  copionsly;  water  0.35  inch  below  nor- 

217 

10 

mal  level  1  water  al  8*.  40r..  led  0,65  inch  below  normal 
level. 

lU 

—34 

- 

Water  needing  no  adjuslmenl. 

14.95 

M.75 

[bridge l.SO 

and  ashes. 70.50 

ubes 0.96S 

romcoal 69. U9 
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Secomd  trial — upper  damper  8  inckee  open;  airpkUi  upas 
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44 
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4  .^^ 
4  .V 
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I 
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.K 
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Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  chaiges  of  coal  supplied  to  ^te 
Total  weieht  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed     -  -  - 

Pounds  of  coal  withdrawn  and  separated  after  trial  - 
Mean  weieht,  in  pounds,  of  one  cubic  foot  of  coal    • 
Pounds  of  cool  supplied  per  hour,  during  steady  acti(m 
Pounds  of  coal  per  square  foot  of  grate  surfiice,  per  hour     - 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal     - 
Ratio  of  clinker  to  the  total  waste,  per  oenL  -  •  - 

Total  pounds  of  water  supplied  to  tne  boiler 
Mean  temperature  of  water,  in  degrees  Feihrenheit  - 
Pounds  ofwater  supplied  at  the  end  of  experiment,  to  restore 
level  ------- 

Deduction  for  temperature  ofwater  supplied  at  end  of  experi- 
ment, in  pounas     ------ 

Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  durine  steady  action    • 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation  ------ 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations      ------- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 
final  result  ------ 

Water  evaporated  by  1  of  coal,  from  initial  tempereture  (b) 
during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  - 
Mean  temperature  of  air  entering  below  ashpit,  during  steady 
pressure     ------- 

Mean  temperature  of  wet  bulb  thermometer,  during  steady 
pressure     ------- 

Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chinmey   - 
Mean  temperature  of  steam  in  the  boiler       -  .  - 

Mean  temperature  of  attached  thermometer  -  -  • 

Mean  height  of  barometer,  in  inches  -  -  -  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer         -  -  . 

Mean  height  of  water  in  syphon  draught-eauge,  in  inches    - 
Mean  temperature  of  dew  point,  by  calcubtion 
Mean  eain  of  temperature  uy  the  air,  before  reaching  grate  - 
Mean  difference  between  steam  and  escaping  gases    - 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  dstem   - 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern      ------ 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal 
Water,  from  212°,  to  one  pound  of  combustible  matter  of  the 
fuel  ------- 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounas  per  square  inch,  above  atmosphere 

Condiuon  of  the  air  plates,  at  the  furnace  bridge 

Inches  opening  of  damper,  (U.  upper,  L.  lower) 


ULTtmL 


<kf.3L 


6.SS3 

14.07 
377.5 
18.75 
9.0 
1033.5 
999.0 
34.5 
57.4166 
93.518 
6.647 
6.96 
1.407 
90.215 
7755.0 
510.4 

0.0 

0.0 

683.56 

10.93 

1.810 

1.846 

7.7627 

7.309 
8.0513 

580.06 

430.8I 
2200.31 
2760.75 
2340.12 
480.41 
30.382 
4.96 
.562 
.3714 
260.31 
1680.85 
440.46 
7.7697 

8.9761 
515.38 

9.6476 
1.4345 
6.4174 

ClcMed. 

U.    8 


ss.m 
4.90 

14.07 
377.5 

18.TS 
9.0 
957.95 
906.6 

49.9S 


108.418 

7.70f 

7. 

0. 

12.6il 
6817.0 
50O.5 

948.0 

141.0 
556.9)i 

8. 


1.175 

1.494 

7.SSS4 

6.494 
8.5007 

550.07 

480.91 
9010.91 
9750.36 
9330.21 
590.46 
30.9n 
5.030 
55N 
.9373 
380.79 
1460.14 
450.18 
7. 


8.n0 

459.51 

6.3417 
Omb. 
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HBLES  XXra,  XXIV,  XXV,  XXVI. 
jgA  anthracite  coaL 


»  Trial. 

4th  Trial. 

Averages. 

Remarks. 

llWfXXF.) 

{TAUXXVh) 

V 

AVr.  2. 

^OVm      3. 

\ 

23.833 

25.0 

3.716 

5.133 

14.07 

16.25 

377.5 

377.5 

18.75 

21.65 

8.0 

10.0 

875.5 

1116.5 

848.0 

1083.25 

27  5 

33.25 

36.125 

The  anbumt  coal  at  the  second  trial  is  49.25,  and  the 

54.715 

55.825 

55.2843 

mean  of  the  other  three  trials  is  31.75  lbs. 

91.698 

112.45 

101.521 

6.517 

6.92 

6.9475 

6-573 

7.559 

7.2235 

0.7929 

1.128 

1.079 

12.0^21 

14.922 

14.965 

6803.0 

8473.0 

51°.  7 

510.6 

0.0 

418.0 

0.0 

63.0 

711.51 

958.4 

727.616 

11.38 

15.33 

11.634 

With  the  air  plate  open,  in  the  second  trial,  8.9  eaUc 
feet  of  water  per  nour  only  were  evaporated ;  with 

1.885 

2.538 

1.927 

the  same  plate  closed,  in  the  first  trial,  10.9  cubic 
feet  were  evaporated. 

1.864 

2.513 

€.0224 

7.768 

7.7264 

7.788 

8.010 

7.383 

7.7907 

8.0458 

8.1971 

60'^.86 

540.93 

53^0 

460.43 

237°. 28 

mm 

2190.6 

No  observations  on  the  fourth  trial. 

2870.64 

3090.5 

2870.312 

232^.71 

2340.86 

56^.64 

49.64 

29.933 

30.14 

5.044 

4.757 

.553 

.5821 

.3437 

.4458 

.3755 

450.01 

330.02 

1760.42 

— 

1630. 603 

On  the  fourth  trial  the  derangement  of  thermometer 

610.375 

770.4 

570.004 

prevented  observations. 

8.0224 

7.768 

7.7264 

9.2686 

8.9747 

8.932 

507.13 

501.01 

494.005 

9.9207 

9.7086 

9.6264 

The  evaporative  effect  in  the  second  trial,  when  tb« 
air  plate  was  open,  was  Inferior  to  either  of  those 
maae  with  the  same  plate  closed. 

1.4347 

1.4941 

1.4458 

6.2730 

7.2970 

6.5830 

Clowd. 

RemoTed. 

U.    10 

U.    10 
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RemarkM  on  the/ongoing  tabU  tf  deductionf. 

Many  circumstances  u>pear  to  indicBte  that  the  Lehigh  anthracite hami 
with  considerable  difficulty — owing,  perhaps,  in  part,  to  the  nature  of  its 
incombustible  constitueuts.  The  length  of  time  required  to  bring  the 
boiler  to  steady  action,  the  quantity  of  coal  left  unburni  after  the  file  had 
become  extinct,  and  the  moderate  rate  of  evaporation,  together  with  the 
tow  evaporativeef&ciencyof  the  coal,  and  especially  withtlie  large  qtiaotity 
of  oxygen  found  on  the  fourth  trial  in  the  gases  escaping  to  the  chimney, 
all  tend  to  demonstrate  the  want  of  a  vigorous  aitd  easy  combustion.  To 
these  circumstances  may  be  added  the  &ct,  that,  when  in  the  second  trial  i 
the  air-plate  at  the  fiimace-bridge  was  open,  iu  order  to  give  an  increased 
supply  of  air  to  the  products  of  combustion,  Uie  effect  was  to  diminish, 
instead  of  increasing,  the  evapoiatire  efficiency  of  the  pound  of  coaL'  Id  I 
the  41st  line,  it  appears  that  with  the  air-jdate  closed,  as  in  the  Grst,  third, 
and  fourth  trials,  the  steam  from  water  at  213°  produced  by  1  of  coal,  wis, 
on  an  average,  9.073 ;  while  in  the  second,  it  was  but  S.5U9 ;  iudicatinga 
loss  of  more  than  6.2  per  cent  Nor  is  this  difference  attributable  solcly 
U>  the  difference  in  amount  of  waste  matter  found  after  the  several  trials; 
for  it  will  be  observed  in  the  43d  line,  that,  when  allowance  was  made  fii^ 
this  circumstance,  the  water  from  212°  to  i  of  cojnbualible  matter, 
on  the 

First  trial  -  -  •  -  -  -  -        9. 

Thud  trial -        9. 

Fourth  trial  -  •  -  -  -  -        9>.) 

And  the  mean      ......        9.7B89  | 

W  hile  for  the  second  it  was  9.2288 — the  difference  being  still  6.4  pera 
of  the  larger  number. 

The  very  close  approximation  in  the  above  numbers  for  the  first  ■ 
fourth  trials  was  given   notwithstanding  the  difference  in   the  size  H 
the  grate  in  the  two  cases,  its  area  having  been  14  07  on   the  SortimJ^ 
and  16.25  on  the  latter  day  of  trial.     The  accordance  was  given  flf^ 
even  with  the   wide  disparity  of  draught  in  the  chimney  on  the  n| 
days — the   syphon    having  stood    on  the  first   ai  0.3714,  and  on  l 
fourth  day's  trial  at  0.4458  inch.    The  superior  force  of  draught  is  e 
plained  in  the  way  already  indicated,  by  a  remark  at  the  commeucemeiil 
of  experiments  in  table  XXYl,  where  it  is  stated  that  the  weather  was 
clear,  and  the  wind  brisk  from  the  northwest.     The  two  circumstances  of 
a  stronger  draught  and  a  larger  grate  surfece  occasioned  the  evaporation 
of  16.^  cubic  feet  of  water  per  hour  during  the  fourth  trial ;  while  only 
10.93  cubic  foet  were  expelled  in  the  same  time  during  the  first  exp^n- 
nient     By  a  reference  to  table  CXCIT,  it  will  be  seen  how  large  a  por- 
tion of  all  the  heat  developed  by  this  coal  was  expended  on  lh»  h 
products  of  combustion.    That  table  will  also  afford  the  meani  aft 
raining  how  nearly  the  total  evaporative  power  of  the  Lehwh  anlli 
ai^roaches  to  that  of  other  coals  of  the  same  class,  when  ui  tlif,!^ 
ents  of  beat  are  brought  into  the  computation. 
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No.  6- 

e  from  the  Lackawanna  coed  regiouy  Luzerne  county,  PennsyU 
,,/oruHxrded  by  the  Delaware  and  Hudson  Canal  Company. 

jficate  of  origin  accompanied  ihis  sample  of  coal,  but  only  a  bill 
,  indicating  by  whom  it  had  been  sent.  The  quantity  was  ex- 
)0  lbs.,  or  two  gross  tons,  as  certified  in  the  bill  of  lading, 
laracters  of  the  coal  are,  in  general,  a  deep  jet-black  color,  except 
r&ces  of  superposition,  on  which  the  usual  deposites  of  miner* 
ircoal  are  seen,  and  occasionally  in  the  natural  partings,  techni- 
jd  "  cleats,"  which  appear  to  be  formed  by  thin  laminae  of  the 
^redients  of  the  coal:  these  appear  to  be,  generally,  sulphate  of 
phuret  of  iron  is  scarcely  discernible  on  the  surface.  The  frac- 
leven,  and  semi-conchoidal,  except  in  the  direction  of  the  main 

oal  undergoes  no  change  by  an  exposure  of  twenty  months  to 
tates  of  atmosphere.  Its  specific  gravity,  as  determined  by  the 
two  separate  trials,  was  found  to  be  1.4213;  which  would  indi- 
in  the  solid  state,  as  it  exists  in  the  mine,  the  weight  of  a  cubic 
.83  lbs.  avoirdupois. 

state  of  marketable  lump  coal,  in  which  it  came  to  hand,  the 
s  determined  by  forty-four  trials  in  the  charge-box,  was  48.886 
mbic  foot,  or  .5502  of  the  above  calculated  weight.  This,  to* 
th  the  variableness  of  the  charges,  in  regard  to  weight,  will  be 
►d  by  reference  to  the  column  headed  "  weight  of  charges  of  coai?^ 
numbers  there  given,  it  will  be  seen  that  the  highest  weight  of 
charge  was  108  lbs.,  or  54  lbs.  per  cubic  foot,  and  the  lowest 
per  charge,  or  45.25  lbs.  per  cubic  foot;  and  that  the  mean  of 
)  extremes  dilSers  in  excess  from  the  above  general  mean,  only 
ee  quarters  of  a  pound.  From  these  facts,  it  appears  that  the 
uired  in  the  bunkers  of  a  steamship  for  the  stowage  of  one  ton 
lbs.  of  this  anthracite,  is  45.82  cubic  feet, 
yzing  this  coal,  the  moisture  expelled  by  a  temperature  of  216^ 
ae  case,  1.382,  and  in  another  1.174  per  cent. ;  or  the  mean  was 
per  cent.  A  heat  of  full  ignition  expelled  in  addition,  fix)m  the 
:imens,  a  mean  of  5.087 ;  showing  the  total  volatile  matter  to  be 
per  cent 

rials  on  each  specimen,  by  incinerating  them  in  platinum  capsules 
:  some  hours  m  the  open  muffle  of  an  assay  furnace,  left  of  earthy 
one  specimen  4.84,  and  for  the  other  4.47  per  cent. — mean,  4.656. 
I  of  the  volatile  and  earthy  ingredients  deducted  from  the  total 
or  ascertaining  the  combustible  fixed  carbon,  gives  88.98.  On 
e  specimens  above  referred  to,  was  made  a  tried  to  ascertain  the 
1  of  sulphur;  which  resulted  in  giving  0.1226  of  one  per  cent, 
other  specimens  of  this  coal.  Dr.  King  made  trials  to  determine 
ity  of  matter  volatile  at  redness,  which  resulted  in  giving  for 
and  for  the  other  4.675  per  cent,  or  a  mean  of  5.462. 
prosecuting  the  experiments  on  evaporation,  46.63  lbs.  were 
the  steam  drying  apparatus,  where  it  remained  for  about  48  hours, 
he  time  surrounded  by  steam  a  little  above  the  temperature  of 
ling  that  lime  it  lost  15.5  ounces,  or  2.12  per  cent    The  coal 


106  Doc  No.  STIi. 

used  in  this  trid  had  for  some  time  previous  been  ogpoeed  to  a 
ature  not  exceeding  60^  Fahrenheit,  and  the  sixe  of  lamps  was  fiom 
to  four  inches  in  diameter. 

A  trial  of  18  grains  of  this  coal  intimaleif  mixed  witb  800  gnini| 
litharge,  and  covered  with  a  portion  of  pure  lidiarge,  eflbcted  the 
tion  of  668.86  grains  of  lead,  or  61.603  times  the  weight  of  cod 
This  trial  was  made  on  a  specimen  of  which  the  mmsture  and 
matter  had  been  found  to  be  6.666  per  cent ;  and  consequently  the 
tity  of  matter  truly  combusiiblej  by  which  the  reduction  was  effc 
16.982  grains :  from  which  it  appears  that  one  part  of  the  coi 
matter  of  this  coal  reduced  33.49  parts  of  lead.    And  as  it  is  known 
one  part  of  pure  carbon  is  capable  of  reducing  thirt]^-fi>ur  parts  of  lea 
seems  that  the  reductive  or  ^^  heating  power^*  of  this  comoustiblei  ai 
duced  from  this  test,  differed  from  that  of  pure  carbon  by  only  b68th 

The  character  of  the  residua  of  this  coal,  procured  by  analysis,  if 
of  a  dense  white  or  slightly  grayish  ash,  of  which  the  percentage  is ; 
above. 

From  the  column  of  <<  remarks"  in  the  accompanying  tables,  the 
tion  of  toasie  derived  from  actual  combustion  will  be  seen  to  vary  in 
different  trials,  fh>m  7.276  to  10.694  per  cent  The  total  amount  of 
mixed  of  course  with  a  certain  proportion  of  fine  particles  of  unburati 
thracite,  such  as  passed  the  meshes  of  a  sieve  three-tenths  of  an  infihi 
diameter,  was  318.36  pounds ;  and  that  of  the  vitrified  portion,  or 
was  62.07  pounds ;  both  derived  from  the  combustion  of  4112.61 
of  anthracite.  Hence  it  appears  that  the  ashes  are  7.741  per  cent, 
clinker  1 .266  per  cent. ,  or  the  coal  actually  burned  in  the  manner  d< 
in  the  tables.  The  ashes  weighed  60.96  pounds  per  cubic  foot,  the  cliohN 
36.88  pounds.  Five  pounds  of  soot  and  dust  from  the  flues,  lefi3Jfl 
pounds  after  complete  incineration. 

The  clinker  is  very  imperfectly  vitrified,  agglutinating,  and  oflen  coitf; 
ing  portions  of  nearljr  pure  white  argillaceous  matter. 

In  order  to  ascertain  what  proportion  of  the  ashes  was  really  comboi 
tible,  a  quantity  was  reduced  to  fine  powder,  and  a  weighed  portion  ex 
posed  on  a  platinum  capsule,  in  an  open  muffle,  to  a  bnght  red  heat  b 
several  hours,  occasionally  agitating  it  to  expose  every  part  to  the  acces 
of  air:  the  result  was,  that  34.666  per  cent  of  the  whole  was  combos 
tible ;  or  of  the  7.741  per  cent,  of  ashes,  6.066  only  were  actually  incooQ 
bustible.  The  ashes  thus  finally  obtained  were  of  a  nearly  chocolat 
brown,  showing  that  the  specimens  above  analyzed  did  not  properl 
represent  the  general  mass  of  this  anthracite,  in  re^^ard  to  the  color  of  it 
ashes. 

Having  reduced  a  portion  of  the  clinker  also  to  very  fine  powder,  it  wa 
in  like  manner  exposed  for  some  hours  to  bright  ignition,  to  asceruui 
whether  any  portions  of  anthracite  had  been  retained  in  the  interior  of  it 
mass,  and  had  thus  escaped  combustion.  The  result  was  an  actual  gain 
instead  of  a  loss  of  weight  This  gain,  amounting  to  0.66  of  one  percent 
of  the  substance  tried,  was  doubtless  due  to  a  conversion  of  some  portioi 
of  protoxide  into  peroxide  of  iron,  the  powder  having  been  obsened  ti 
be  partially  magnetic  before  calcination,  out  not  so  afterwards. 

In  the  ashes  and  clinker  above  reduced,  there  were  contained  Ibrtb 
fi)ur  trials  of  this  coal,  2.647  pounds  of  wood-ashes,  derived  fiom  the  woo 
employed  in  raising  temperatme.  Ttua  amounts  to  ahnost  exactly  one  p 
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I  of  the  total  waste,  after  deducting  the  unburnt  anthracite  of  the 
s,  as  above  stated.  Hence  the  analysis  of  about  4,100  pounds  of 
kawanna  anthracite  yielded  6.346  per  cent,  of  incombustible  matter, 
kieddish-brown  color,  instead  of  i.ooo  per  cent,  of  a  white  or  grayish- 
la  ash,  as  afforded  by  the  analysis  above  presented.  The  difference 
Dior  is  accounted  foi^  by  the  known  fact  that  the  sulphuret  of  iron, 
eh  is  the  cause  of  redness,  is  often  very  irregularly  distributed  through 
mass  of  a  coal-bed,  and  its  accompanying  slates.  Specimens  may 
Doe  to  be  selected  for  analysis  which  are  almost  wholly  free  from  that 
Pedient 

The  time  required  for  bringing  the  boiler  to  steady  action  by  this  coal 
I,  m  the  several  trials,  0.75,  4.5,  2.5,  and  2.91  hours ;  or,  on  an  average, 
B6  hours.  The  quantity  of  anthracite  left  upon  the  grate  was,  by  a 
Bu  of  the  four  trials,  57.19  pounds.  The  use  of  this  coal  in  a  grate 
domestic  purposes,  will  be  but  little  different  from  the  mean  action  of 
Lash  coals  in  general.  The  considerable  quantity  of  water  it  contains 
OKs  it,  when  suddenly  thrown  on  a  mass  of  highly  ignited  coal,  to  de- 
spitate  with  considerable  force ;  but  in  this  it  was  not  observed  to  sur- 
■  several  other  samples  of  the  same  class.  It  corresponds  well  in  this 
itkmlar  with  the  Lackawanna  anthracite  used  by  many  of  the  steamers 
i  the  New  York  waters,  which  1  have  observed,  while  driven  with  a 
ling  artificial  blast,  to  emit  copious  showers  of  fine  panicles  from  the 
iBuiey  tops,  speedily  covering  the  deck  and  all  other  objects  on  which 
if  could  rest  A  more  moderate  draught  would  avoid  this  inconve- 
lloe  and  loss,  but  would  demand  a  considerable  increase  of  furnace 
mto  effect  the  requisite  amount  of  combustion,  and  supply  the  neces- 

tqoantity  of  steam, 
ing  among  the  earliest  in  the  series  of  experiments,  the  first  and 
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(Deter,  and  those  of  the  attached  thermometer. 
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July  15 

7.10 

81 

73 

Mrf^'^ 

SO 

328 

SO 

30.14 

0.505 

5.59 

0.17 

SllSI 

S.Ob 

tm 

:& 

BO 

308 

BO.S 

30.14 

0.34S 

7.06 

0.16 

10343 

3 

Period  otKttij  bciIdq  Irom  9k.  15m.  i.  m.  to  6*.  IQm.  p  

IbM  period,  778  Ibc.)  wt[«r,  6,979.5  Ite.;  18i«uuri>bsemiii<i]B  lKkeD;i. , 

Tbe  flnal  remli  being  8.586,  shows  th*L  tberc  wu  mare  coal  w  Lbe  fiau  at  ihe  cad  tbaa  H  At 
beginning  ot  ihe  periud  *sa(uned  h  thai  of  Uead;  aoion. 


55m.;  octal  aopplieddnriH 
DiwaMriolorcaaliaSTL 
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nrANNA  ANTHKACITE. 

rioM  fMnm  m(o  ckiuDut/,  and  imaUJvmaee  in  action. 
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REMARKS— Grate  nurfate  14,07  n^uare  fefi;  length  of 

circuiLof  healed  gas«s  121  fee);  height  of  chimnej 63 
feet. 

s.sa 
«.» 

6.  IS 

G5.4 

6fi.O 
6&.5 
G6.6 
M.0 

144 

123 
117 
113 
116 

— 5B 
—54 

as 

39 
32 

0.7^1 

0-937 

fl,90l 
1.351 
1.638 

Comnieneed  liriiig-,  water  in  boiler  0.9  inch  aboTc  normal 
level. 

Wood  coDsomed,  63  \b»i  cainmeticed  charging  whh  coti; 
placed  double  weights  on  safely  vatves;  retnaved  t^ecnnd 
weight  from  safely  valve  at  Gi.  45n.,  which  allowed 
the  Meam  to  bluv  off,  none  having  previously  escaped. 

Sieady  pressure  fram  tU.  On. «.  m.  to  6i.  30b.  p.  m. 

s.is 

65.5 
65.5 
65.1 

S4.fl 
6ti.2 
65.8 
65.3 

ee.b 
gh'a 

G7.6 

67.a 

66.6 

eg.i 

G9.9 
TO.* 
TO.O 
71  .S 

■;i).9 

71.7 
74.1 

I-2I 
131 

ua 

153.6 
167 

na 

183 

ISO 
195 
195 
303 
3(10 
309 
314 
2-25 
3]( 
341 
334 
3il 
365 
382 

4.00 

i.ie 

i.h 

t.is 
(.io 

89 
31 
88 
25 

26 
36 
Bl 
38 
48 
Z9 
43 
27 
30 
33 
30 
43 
H9 
32 

2.177 
1.335 
2.511 

3.276 

i.flm 

1.393 

0.636 
a.fiSl 
1.701 
1.371 
2.253: 
■2.172 
1.351 
2.2'26 
2.253 
1.6.B 
1.S59 
1.356 

A  charge  of  this  coal,  egg  siie,  weighed  103.35  ItK. 

Partly  filled  tank;  mind  W;  mamiDg  has  been  cloodf, 
DDw  sua  shining  occuioDally. 

A  charge  of  this  coal,  eggsiie,  weighed  1(B.75  lbs. 

Commeaci^d  drawing  gasre  at  i\.  35i>i.  Irom  lower  aar; 
drew  in  15  minuies  100  cubic  inches,  whichgavewiler 

a69 grain, caibooic  acid  5.3S  grains,  and  oijgen  12.12 

cub.c  inches. 
Air  plates  tloEedj  ronlents  of  a.<ih  pit  Ihtown  on  giale  at 

fiiL  aOiH.;  valves  double  neighied. 
Waier  broiighl  to  1.9  inch  above  norma!  level;  wind  SE., 

clear;  valves  unloaded  at  7*.20i«. p.  m. 
Water  noi  vi^bk  in  gange. 
Water  in  boiler  adjuaied. 

73.  S 

70.0 
71.3 

203 

155 
149 

8 
—10 

: 

Ciiter 11.26 

*Att lll.M 

Aihes  behind  fcridge 3.75 

I96'.6e 

tWneiirood  ntei 0.19S 

TaiilWMefromeMa 129.307 

Oske «,. 86.» 

Iota. 9.W 
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TABLE  XXXII^DEDUCnONS  FRO} 

ExperimenU  on  Ladt 


Nature  of  the  data  furnished  by  the  respeGlive  tablet. 


1 
2 
3 

4 
5 
6 
7 


8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

i>4 
25 

2G 
27 

28 
21) 
30 
31 
3*2 
33 
34 
35 
36 
37 
38 
39 
40 

41 

• 

42 
43 

44 

45 
46 

47 


/ 


Total  duration  of  the  experiment,  in  houn 

Duration  of  steady  action,  in  hours         ... 

Arta  of  £Tate,  in  souare  feet        -  -  -  - 

Area  of  heated  surface  of  boiler,  in  square  feet  - 

A  rcu  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Nuni^^r  of  chargres  of  coal  supplied  to  grate 

T<iiul  weight  of  coal  supplied  to  grate,  in  pounds 


l^ounds  of  coal  actually  consumed  .,  .  - 

rounds  of  coal  withdrawn  and  separated  after  trial 
iVIcan  weight,  in  pound?,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  ]>er  hour,  during  steady  action 
pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  [Ktiuids  of  coal 
Pounds  of  clinker  alone^  from  100  pounds  of  coal 
Raiio  of  clinker  to  the  total  waste,  jter  cent. 
Toud  pounds  of  water  supplied  to  the  boiler 
Moan  temperature  of  water,  in  degrees  F^ahrenheit 
Pounds  of  water  supplied  at  the  end  of  ex|>eriment,  to  re- 
store level        -  -  -  -  - 
D<  durtion  for  lenip^raiure  of  water  supplied  at  the  end  of 

cxi)eriment,  in  ]>ounds  -  -  -  - 

Pounds  of  water  evap.  per  hour,  during  steady  action   - 
(  ul»ic  feel  of  water  per  liour,  during  steady  action 
Pdunds  of  water  ]K-r  square  foot  of  heated  Burface  per 

hour,  l»y  one  calculation         -  -  -  - 

Pounds*  of  water  jH:r  square  foot,  by  a  mean  of  several 

obi^ervaiions    ------ 

"Water  evap.  by  1  of  coal,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  . 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  -  . 

M(  an  temp,  of  wet  bulb  tliermom.,  during  steady  pressure 
M'ran  tenii>erature  of  air,  on  urrivinc  at  the  grote 
Ml  an  lemperuiurc  of  gases,  when  arriving  at  the  chimney 
^lean  temperature  of  steam  in  the  boiler 
Mean  temf)erature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  .  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer  -  -  - 

Mean  height  of  water  in  syphon  draught-^auge,  in  inches 
Mean  temperature  of  dew  }K)int,  by  calculation 
Mean  gain  of  temp,  by  the  air,  before  readiing  grate     - 
Mean  difTerence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212*^,  corrected  for  tem{>eraturc 

of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212'^,  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel 
Mean  pressure,  in  atmospheres,  alcove  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air-platcs,  at  tlic  furnace  bridge 
Inches  opening  of  damper,  (U.  upper,  L.  lower) 


1st  Trial, 

2d  Trial 

(T^uxxrm,) 

(TdbUXUl) 

J^nUS. 

Jfyrilll 

91.916 

4.75 

16,95 

377.5 

91.65 

8.0 

768.25 

25.5 

4.0 
16.35 

377.5 
21.65 
lO.U 

992.25 

730.0 
38.25 
48.015 
101.401 
6.24 
9.007 
1.136 
12.617 
6220.0 
48^.7 

941.74 
50.5 
47.7 
96.625 
5.946 
7.276 

13.85 
8633.0 
50^7 

914.0 

2210.0 

136.0 
553.05 

8.848 

330.0 

7eo.o 

12.48 

1.491 

2.a 

1.437 
8.3342 

2.034 
8.tll66 

5.453 
7.335 

?.125 

56-.  9 

54^96 

241*^.0 
279^.08 
228-. 35 

278«>.6 

2640.67 

929«.^ 

29.573 

8.819 
.1777 
.233 

30.056 
8.661 
.1924 
.2714 

184M 
43^.85 
8.3342 

213^.64 
19.0 

9.6531 
463.49 

10.1945 
486.29 

10.6086 
1.3936 
5.8124 
Remored. 
U.    12 

10.994d 
1.426 
6.2916 
Removed. 
U.    19 
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ABLES  XXVIII,  XXIX,  XXX,  XXXI, 
mna  antkracite  coal. 


3d  Trial. 

• 

4th  Trial. 

Averages. 

Remarks. 

[TubU  XXX.) 

{TAUXXXl.) 

July  13.    . 

MyU. 

24.33 

26.25 

» 

7.66 

8.916 

14.07 

14.07 

377.5 

377.5 

. 

18.75 

18.75 

13.0 

13.0 

1323.0 

1257.0 

" 

In  the  second  trial,  38.25  lbs.  of  anthracite  left 
from  the  preceding  day*s  work,  were  added 
to  the  ten  charges,  to  make  up  the  992.25  lbs. 

1269.0 

1171.95 

supplied  to  the  grate. 

54.0 

85.75 

59.62 

The  upper  damper  drawn  but  fire  inches,  and  the 

air  plates  half  open,  in  the  fourth  trial,  appear 

.to  have  materially  influenced  the  amount  of 

50.884 

48.346 

48.736 

104  29 

87.259 

97.394 

7.412 

6.202 

6.45 

coal  lefl  unbumt  on  the  grate  *,  the  mean  of  3 

8.734 

10.694 

8.9277 

trials,  under  other  circumstances,  having  eiven 
but  47.58,  while  the  fourth  trial  gave  85.75 

1.842 

0.9586 

1.2411 

21.016 

8.964 

14.1117 

lbs. 

10897.0 

10343.0 

73^7 

770.7 

110.0 

2172.0 

■ 

14.0 

282.0 

942.6 

704.297 

744.987 

15.08 

11.268 

11.919 

2.497 

1.867 

1.971 

2.434 

1.857 

8.576 

8.5863 

8.5783 

9.038 

8.071 

7.6717 

The  numbers  in  this  line  are,  of  course,  as  in  all 
other  eases,  but  approximations,  dependent 
on  the  quantity  of  coal  actually  on  the  erate 
at  the  beginning  and  end  of  the  assumed  p6> 

7.352 

7.28 

7.264 

730. 58 

790.83 

70^^.  28 

710.33 

riod  of  steady  action. 

284<'.67 

2800.81 

2710.27 

263-. 88 

2660.86 

2680.62 

23P.44 

2310. 0 

72°.  66 

760.85 

. 

I'he  observations  of  the  attached  thermometer 

30.29 

30.263 

were  not  commenced  until  after  the  first  two 

5.042 

5.145 

trials  of  this  sample  had  been  completed. 

.5535 

.5427 

• 

.3353 

.2955 

-2838 

68^.88 

670.84 

— 

The  observations  for  dew  point  were  not  made 

211^09 

2000.98 

9020.45 

during  the  first  two  trials.  The  gas-drawinc 
apparatus  had  aot  then  been  completed,  with 

325.85 

310.5 

390.30 

8.551 

8.5567 

8.5646 

a  view  to  which  the  dtw  point  was  more  pan- 
iic42larly  desirable. 

9.6976 

9.6099 

9.7888 

493.41 

467.5 

477.67 

10.6246 

10.8278 

10.7639 

1.4518 

1.4296 

1.4252 

6.6719 

6.3447 

6.2802 

doted. 

Half  open. 

■ 

U.    10 

U.      5 
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General  remarks  on  the  preceding  tahle  of  dedueiions. 

It  appears  that  with  a  chimney  41  feet  in  height,  as  in  the  first  and 
second  trials  of  Lackawanna  coal,  and  with  the  damper  drawn  so  as  to  gj>e 
free  exit  to  the  gases  as  rapidly  as  they  would  pass  the  two  interior  10 
inch  flues,  the  rate  of  evaporation  was  from  8.85  to  12.48  cubic  feet  of 
water  per  hour.     After  the  chimney  had  been  raised  to  63  feet  in  height, 
the  rate  of  evaporation  on  the  third  trial,  when  the  damper  was  drawn  10 
inches,  was  15.08  cubic  feet  per  hour;  and  on  the  fourth,  when  it  was 
opened  but  5  inches,  the  rate  was  11.27  cubic  feet.  Notwithstanding  these 
considerable  differences  in  the  rate  of  evaporation,  with  variations  also,  as  J 
seen  in  the  third  line  of  the  table,  in  the  area  of  the  grate,  and  in  the 
opening,  closing,  or  removal  of  the  air  plate  at  the  furnace  bridge,  as  given 
in  the  46th  line,  the  accordance  in  the  results  of  the  four  trials  found  in 
the  4Uth,  41st,  and  43d  lines,  is  as  near  as  could  reasonably  be  expected 
from  the  operations  of  combustion.     In  the  second  experiment  the  grate 
was  placed  within  7  inches  of  the  bottom  of  the  boiler,  and  the  result  of  | 
that  trial  is  about  two  per  cent,  higher  than  the  general  average,  as  shown  | 
in  the  43d  line.     That  was,  however,  found  too  near  for  convenient  man- 
agement, and  the  distance  of  9  inches  was  resumed  after  one  or  two  trials. 
It  is  important  that  the  fireman  should  be  able  to  observe,  especially  in 
burning  anthracite,  that  all  parts  of  his  grate  are  uniformly  well  covered 
with  fuel.     If  large  holes  are  allowed  to  exist  in  some  parts,  while  heavy 
accumulations  of  coal  remain  on  others,  both  may  become  sources  of  loss; 
tlic  one  by  allowing  unburnt  air  to  pass,  and  the  other  by  forming  car- 
bonic oxide,  whicl)  may  in  part  escape  subsequent  combustion. 

In  the  table  (CXCIV)  of  experiments  on  the  composition  of  gases  from 
coinbustion,  will  be  found  some  indications  of  the  diflerences  which  ex- 
ist in  the  action  of  a  furnace  wlule  using  the  same  kind  of  fuel.  It  will 
also  be  perceived  that  on  the  fourth  trial  of  Lackawanna  coal,  the  heat  em- 
ployed on  tlie  air  required  for  the  combustion  of  a  pound  of  coal  was 
equal,  in  evaporative  power,  to  convert  about  nine-tenths  of  a  pound  of 
water  at  212^  into  steam  of  the  same  temperature.  With  respect  to  the 
anthracites  generally,  it  may  be  said  that  their  combustion  is  effected 
solely  by  the  corifact  of  air  with  the  surfaces  of  their  solid  masses.  In 
the  case  of  bituminous  coals,  on  the  contrary,  the  air  which  supplies 
combustion  is  inevitably  intermixed,  during  its  passage  through  the  fire, 
with  much  fuel  in  a  gaseous  state.  The  existence,  therefore,  in  an  an- 
thracite fire,  of  passages  or  "  blow  holes,"  through  which  considerable 
currents  of  air  can  pass  without  bringing  every  atom  of  it  in  contact  with 
a  lump  of  fuel,  is  an  almost  sure  source  of  loss  of  useful  effect.  In  the 
bituminous  coal  fire  the  want  of  such  openness,  to  allow  sufficient  air  to 
effect  the  complete  combustion  of  the  gaseous  products,  has  given  rise  to 
the  many  inventions  for  preventing  smoke,  and  burning  more  completely 
the  gaseous  products  of  the  fuel. 
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No.  7. 

UAroct/e  from  hykens  valley^  Dauphin  counij/j  Pennsylvaniay  sent  by 

the  Lykens  Valley  Coal  Company. 

This  sample  of  coal  was  accompanied  by  the  following  letter  to  the 
iesident  of  the  lute  Board  of  Navy  Commissioners : 

"  Baltimore,  July  23, 1842. 

"  Dear  Sir  :  At  the  request  of  the  Lykens  Valley  Coal  Company,  we 
brward  to  you  for  trial  three  hogsheads  of  coal  from  their  mines.  It  is 
x>m  vein  No.  I ,  seven  feet  thick,  and  has  been  mined  four  weeks ;  can  be 
elivered  at  any  point  on  the  Atlantic  coast,  from  the  Chesapeake  bay, 
'hich  it  reaches  through  the  Pennsylvania  and  Tide-water  canals.  You 
ill  pleiase  communicate  the  result  of  your  trial  of  it  to  us. 

"  Your  obedient  servants, 

"J.  WHITEFORD  &  CO. 
"  Commodore  Warrington. '*~ 

The  exterior  characters  of  this  anthracite  are  very  nearly  related  to 
hose  of  many  bituminous  coals.  Its  fracture  is  uneven  and  splintery, 
txcept  where  the  main  cleats,  or  partings,  are  exposed.  It  differs  from 
Dostof  the  anthracites  already  described,  in  the  circumstance  of  having 
ibe  surfaces  of  deposition  often  exposed  in  the  fractures,  displaying  co- 
pious deposites  of  carbonaceous  "  clod,"  or  mineralized  charcoal,  preserv- 
io;  the  vegetable  forms  from  which  it  was  derived.  In  these,  and  many 
Xher  characteristics,  it  strongly  resembles  many  samples  of  the  anthra* 
ate  of  South  Wales,  which  have  fallen  under  my  notice. 

Two  specimens  were  tried  for  specific  gravity :  the  first  gave  1.3828, 
ad  the  second  1.3954.  The  mean  weight  per  cubic  foot  of  solid  coal  in 
le  mine  will  hence  be  86.82  pounds. 

Twenty-six  trials  in  the  charge  box  gave  the  mean  weight  per  cubic 
ot,  in  the  state  in  which  it  was  received,  48.558  pounds — showing  that 
le  actual  is  0.5591  of  the  calculated  weight.  This  proves  that  the  space 
quired  for  stowing  one  gross  ton  is  46.13  cubic  feet.  The  greatest 
'eight  in  any  charge  was  106,  and  the  least  91  pounds — the  mean  of 
rhich  gives  49  pounds  per  cubic  foot. 

Two  boxes  of  this  coal  were  reduced  to  egg  size ;  in  which  state  one 
rei^hed  93^,  and  the  other  96  pounds — showing  the  average  weight  per 
ubic  foot  to  be  47.375  pounds,  or  1|  pounds  less  than  the  average  weight 
bove  stated. 

The  moisture  expelled  in  analyzing  the  two  specimens  above  men- 
ioned  was  0.707  and  0.785,  respectively;  and  the  portion  expelled  from 
^  pounds  placed  in  the  drying  apparatus  of  the  boiler  was  only  half  an 
»ance,or  0.111  per  cent 

On  exposure  to  a  bright  red  heat  in  a  closed  platinum  crucible,  the 
irst  specimen  lost,  in  addition  to  its  moisture,  6.263 ;  and  the  second 
.874  per  cent — showing  that  the  mean  amount  of  volatile  matter  is 
.814.  Two  specimens  tried  by  Dr.  King  yielded  a  mean  of  exactly  7 
er  cent  of  volatile  matter,  including  moisture. 

The  proportion  of  sulphur  found  in  the  first  of  the  above  specimens  is 
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0.091  of  1  per  cent. — a  quantity  which  can  certainly  be  of  little  conse-fl 
quence  to  the  character  of  the  coal. 

Analyses  of  the  two  specimens  above  mentioned  gave  of  earthy  matter 
6.4  and  5.GG  per  cent,  of  the  weight  of  raw  coal. 

This  gives  the  composition  as  follows,  viz  : 

Volatile  matter  ---.--  6.814  1 
Earthy  mailer  ---.-.  6.630  ^ 
Fixed  carbon     ------    87.656       ^ 


100. 


The  ashes  obtained  from  these  analyses  are  of  a  fawn  color,  slightlf  j 
coherent,  bulky,  and  but  moderately  gritty,  resembling  fine  clay. 

From  the  accompanying  tables  of  experiments,  it  will  be  found  thit 
there  were  consumed  in  the  three  trials  of  this  anthracite  2,471  pounds; 
from  which  were  derived  of  ashes  1K179S,  and  of  clinker  109.75  ;  ortbi 
total  amount  was  299.548  pounds.  Hence  the  per  centage  of  tcastei' 
12.123. 

The  cinders  are  mostly  reddish  brown,  with  yellowish-white  portiou, 
and  porous,  even  in  the  parts  where  tlie  vitrification  is  most  perfect 
Some  white  slaty  fragmtMits  have  undergone  no  fusion.     The  asnes  are 
reddish  gray,  and  weigh  52.06  pounds  per  cubic  foot ;  while  the  clinka  ^ 
weighs  but  32  75  pounds. 

The  ashes  contained  36.8  per  cent,  of  unburnt  anthracite,  and  the 
clinker  1.59  percent.  Hence  the  true  amount  of  earthy  matter  in  the 
ashes  is  189.798  —  69.845  =  119.953  pounds;  and  that  in  the  clinker  is 
109.75 — 1.745=  108  (X)5  pounds.  There  were  obtained  of  soot  and 
dust  from  the  flues;  after  three  days'  burning  of  this  coal,  IJ  pound;  ot 
which,  the  density  was  such,  that  21.56  pounds  would  have  been  re-  , 
quired  to  make  1  cubic  foot;  and  of  this  mixture, experiment  proved  that 
37.6  per  cent.,  or  0  657  of  a  pound,  was  earthy  matter,  almost  identical  in 
characters  with  that  of  the  ashes.     From  all  these  sources,  we  get  the 

proportion  of  earthy  matter  from  this  coal  equal  to  — — -~  ;. j  '     - 

=  9.252  per  cent.,  instead  of  5.53,  as  given  by  the  above  analyses.  It 
also  appears  that  12.123  —  9.252  =  2.871  per  cent,  of  the  coal  escaped 
combustion  and  separation  by  the  sieve. 

In  no  instance  was  it  found  necessary  to  lay  a  charge  of  this  anthracite 
upon  the  grate,  in  order  to  secure  a  speedy  ignition  after  the  wood  was 
withdrawn.  The  mean  time  required  to  bring  the  furnace  to  steady  action 
was  2.127  hours ;  only  three  fifths  as  long  as  the  average  time  required  by 
the  Lehigh,  IJeaver  Meadow  No.  3,  Forest  Improvement,  and  Peach 
Mountain  anthracites. 

The  average  amount  of  unburnt  anthracite  withdrawn  after  each  trial  was 
but  18  pounds  ;  while  the  mean  amount  for  the  four  samples  just  named 
was  53.83  pounds,  or  almost  exactly  three  times  as  much.  Both  these 
circumstances  indicate  the  approximation  of  the  Lykens  valley  anthracite 
to  the  class  of  free-burning  bituminous  coals. 

The  first  specimen  above  analyzed,  when  tested  by  oxide  of  lead,yieM" 
ed  31.155  times  its  own  weight  of  metallic  lead.    Dieducting  tlie  moisture 
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ly  ingredients  0.707  +  6.40  =  6.107  per  cent.,  we  have  the  re- 
or  combustible  portion  =  93.893  per  cent. ;  hence  — ^^ — 
L  =  the  reductive  power  of  the  combustible  constituents  of  this 

open  grate,  this  anthracite  gives  a  quick,  lively,  and  cheerful  fire; 
s  the  durability  of  several  other  samples.  The  proportion  of 
ider,  or  clinker,  to  the  total  waste  being  37.5  per  cent.,  it  will  not 
irell  for  use  in  close  stoves,  heating  furnaces,  and  other  apparatus, 
I  entire  freedom  from  all  tendency  to  produce  slag  and  to  clog  the 
a  property  so  much  desired. 

^ksmiths'  forges,  cupolas,  and  smelting  furnaces,  it  must  doubt- 
found  to  work  easily,  yielding  an  intense  and  rapid  fire.  For 
ilready  staled,  no  trials  of  it  were  made  in  the  smith  shops, 
oal  breaks  easily  into  small  sizes  ;  burns  very  freely,  with  con* 
flame,  but  without  any  characteristic  appearances  of  caking 
d  preserves  the  definite  forms  of  its  masses,  except  when  it  dis- 
s  during  ignition  into  small  angular  fragments, 
lion  under  the  steam-boiler  was  highly  satisfactory.  Its  con- 
portion  of  volatile  matter  which  burns  with  a  clear  yellow  flame, 
rate  length  and  brilliancy,  without  the  slightest  appearance  of 
md  without  requiring  a  very  powerful  draught  to  sustain  and 
the  combustion,  give  it  a  decided  advantage  for  avoiding  that 
lich  arises  from  a  violent  artificial  blast. 
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O.fiSO 

i.sni 

3.046 
3.226 
2.188 
3.914 


Wind  NE.,  btisk;  clear;  Are  in  small  rarnaee  esiio- 

ftuished,  and  iis  damper  clowd. 
A  charge  of  Ibis  coal  weighed,  ledoced  toegssize,961b9. 

Filled  lank  al  m.  lo  3,030  ponnds. 

Coal  in  drying  apparaiiis  weighed  97  lbs.  15)  oz. 


Filled  tank. 

Conleliu  ot  s.'^h  pil  throvn  on  grsie. 
!  rekindled  in  aioall  furnace. 

Waier  in  boiler  left  alOJ  inch  above noianlleirel. 

ler  1  inch  below  normal  level;  damper  ai  4  incha 
iringlhe  nigbl. 
ler  adja^ted. 
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TABLE  XXXVIw— DEDUCTIONS 

EatperimmUan 


Nature  of  the  data  furnished  by  the  respective  tables. 


1 
2 
3 
4 

5 

6 

7 

H 

9 
10 
11 
12 
VA 
14 
15 
IG 
17 
18 

19 

20 
21 
22 

23 

24 
25 

2(; 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 

43 

44 
45 

46 

47 


Total  dumtion  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours         ... 
A  rea  of  ffratc,  in  square  feet        -  .  .  - 

Arra  <»f  heated  surface  of  Iwilcr,  in  square  feet  - 
Area  of  boiler  exposed  to  dircrt  radiation,  in  square  feet 
Numbrr  of  charjjes  of  coal  supplied  to  grato 
Total  wci;;ht  of  coal  Rup|>lied  to  gjate,  in  pounds 
Pounds  of  cool  actually  consumed  -  -  - 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  wei^i^ht,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  ]>er  hour,  during  steady  action 
Pounds  of  coal  |>cr  sfjuarc  foot  of  ^ate  surface,  per  hour 
Touvl  wa«ic,  ashes  and  cUnkrr,  from  100  jv»unds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  [>ercent. 
Total  pounds  of  water  Kui>[>lied  to  the  boiler 
1VI»  an  temperature  of  water,  in  de^t^^-ees  Fahrenheit 
Pounds  of  water  supplied  at  tlie  end  of  experiment,  to  re- 
store level        -----. 
Dcdurtion  for  temperature  of  water  supplied  at  the  end  of 

exT>eriment,  in  pounds  .... 

Pounds  of  water  cvap.  per  hour,  during:  steady  action   - 
(.^ubic  feet  of  water  |>er  hour,  during  steady  action 
Pounds  of  water  per  Mjuare  foot  of  heated  surface  per 

hour,  by  one  calculation  .... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several 

ohservutions  ---.-- 
Water  evap.  by  1  of  coal,  from  initial  temp,  (aj  final  result 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

durint;  steady  action   -  -  -  -  - 

Pounds  (»f  fuel  evnponiling:  one  cubic  foot  of  water 
Mean  teni()eraturc  of  air  entering;  below  ashpit,  during 

slejidy  i^ressure  -  -  -  -  - 

Mean  lernj*.  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  tenipeniture  of  air,  on  arriving;  at  the  prate 
Mian  temperature  of  gases,  when  arriving  at  the  chinmey 
Mean  temperature  of  steam  in  the  Iwiler 
Mean  temp<>rature  of  attached  thermometer 
Mean  heiirht  of  l>arometer,  in  inches       ... 
Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gau^,  in  inches 
Mean  temperature  of  dew  ]>oint,  by  calculation 
Mean  gnin  of  temp,  by  the  air,  before  reaching  grate     - 
Mean  diiference  between  Eteam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Wal(  r  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal  • 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel  ------ 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  so.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  tnc  furnace  bridge 
Inches  opening  of  damper,  (U.  upper,  L.  lower) 


lit  Trial. 


97.25 
4.416 
14.07 
377.5 
18.75 
9.0 
S68.25 
859.5 
8.75 
48.236 
112.43 
7.1>9 
10.025 
4.8197 
48.075 
6982.0 
78^.8 

379.0 

49.0 
859.37 
13.75 

2.276 

2.197 
8.0663 

7.643 
7.7127 

76^.7 
64^0 
268°. 3 
258^.0 
232^.0 
74^^.5 
30.072 
5.136 
.5434 
.2988 
58<>.95 
19P.6 
25^.33 
8.038 

9.076 
437.89 

10.0872 
1.4293 
6.3404 

Closed. 

U.      8 


9dTi«L 


MM. 
SS.45 

5.  in 

14.07 
377.5 
18  75 
9.0 
874.75 
858.35 
16.5 
48.5977 
76.317 
5.417 
11.597 
4.374 
37.717 
7726.0 
80'.3 

320.0 

39.0 
814.61 
13.034 

2.15§ 

1334 

d.S5ff 

10.638 
6.97511 

89^73 
73=.64 
244^91 
277^55 
239=.18 
85-\U 
99.933 
5.25 
.532 
.3139 
68<>.05 

155^.18 
48^.666 
8.9-236 

10.067S 
489.33 

11.3» 
1.4151 
6.1307 

Open  (6  row*) 

U.     8 


r 
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IftBLES  XXXm,  XXXIV,  XXXV. 
^8ty  aatkracite  coal. 


1S9 


Jd  Trial. 
\AUXXXr.) 


34.75 
4.666 
14.07 
377.5 
18.75 
8.0 
783.0 
753.25 
38.75 
48.875 
103.41 
7.349 
15.114 
4.0143 
36.737 
6B83.0 
830.6 

500.0 

63.0 

743  46 

11.89 

1.969 

1.983 
8.3575 

7.191 
7.5689 

860.06 

080.5 

3no.l7 

seoo.o 

S30O.58 
840.33 
30.119 
5.34 
.533 


60*. 75 
1910.09 

390.77 
8.333 

9.3448 
451.84 

10.8905 
1.4165 
6.1513 

ClOMd. 

U.     4 


18.0 

48.5696 

97.353 

6.919 
13.345 

4.4036 
37.5096 


Remarks. 


805.813 
13.891 

3.134 


8.7601 

8.507 
7.4199 


3630.46 
3650.183 


.3933 

1650.957 
34.355 
8.4283 

9.4698 
459.653 

10.7886 
1.4303 
6.3075 


It  appears  that  when  the  combustion  was  conducted  with  the 
aamper  drawn  eight  inches,  in  the  first  and  second  trials,  the 
mean  amount  of  unburnt  anthracite  was  but  12.62  lbs. ;  while 
with  a  fouiHnch  damper  it  was  28.75  lbs. 


It  appears  from  line  43  that  the  open  air-plate  prored  benefical 
to  this  coal,  so  far  as  eraporatire  efficiency  is  concerned;  bat 
from  lines  20  and  21,  it  does  not  appear  that  the  boiler  acted 
I       so  rapidly  on  the  second  as  on  the  first  day^  operations. 
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Remarks  on  the  foregoing  table  of  deductions^ 

The  results  of  the  three  trials  of  Lyken's  valley  anthracite  prove, 
on  tlie  first  day,  when  112.43  pounds  of  coal  were  supplied  to  the 
per  hour,  the  raie  of  evaporation  was  13.75  cubic  fiset  or  water  per 
and  that  the  final  result  of  water  to  1  of  coal,  from  212^,  was  bnt 
The  air-plate  at  the  furnace -bridge  was  closed.    At  the  next  trial, 
plate  was  half  uncovered,  admitting  air  through  six  rows  of  its  a^ 
The  rate  of  supplying  coal  was  then  only  76.22  pounds  per  hoar,) 
the  evaporation  13.03  cubic  feet  of  water  per  hour.    On  that  occasion 
warer  from  212®  lo  I  of  coal,  was  10.067 — being  a  gain  of  rather 
than  1 1  per  cent.     This  w^as  the  highest  result  obtained  with  the 
under  consideration.     It  appears  that  on  the  third  trial,  with  the  air-] 
closed  and  the  damper  drawn  but  4  inches,  the  evaporation  was  redi 
to  11. SO  cubic  feet  per  hour ;  while  tlie  coal  supplied  was  103.41  poai 
and  the  water  to  1  of  coal,  from  212°,  in  the  final  result,  was  9.245. 
line  13,  it  will  be  seen  that  the  amount  of  waste  on  the  three  sei 
days  of  trial  was  10.025,  11.597,  and  15.114  per  cent,  respectively. 

These  facts  point  to  the  necessity  of  conducting  the  combustion  of  I 
anthracite  either  with  a  small  supply  of  air  thrown  in  above  thei{ 
mass,  or  with  only  a  thin  stratum  of  coal  upon  the  grate. 

It  will  be  seen,  on  reference  to  the  15th  line  of  the  table,  that,  on 
first  trial,  the  vitrified  portion  of  the  waste  matter  was  48  per  cent  of 
whole,  and  but  26.7  per  cent,  of  it  on  the  third.  This  again  confinnsi 
position  already  laid  down  relative  to  the  action  of  a  rapid  combu! 
and  a  consequent  high  temperature  in  determining  the  vitrification 
earthy  materials.  The  facility  with  which  these  materials  are  fused  woi 
in  the  case  of  employing  this  anthracite  for  the  smelting  of  iron, 
the  advantage  of  a  ready  conversion  into  cinder,  creating  no  additioml 
demand  for  JIuTj  and  requiring  no  great  elevation  of  temperature  forthll 
purpose. 

From  lines  29  and  30,  it  appears  that  the  air,  in  traversing  the  chaB 
bers  between  the  double  walls  of  the  furnace,  and  passing  under  the  fin 
.flue,  became  heated  to  an  average  temperature  of  263^,  and  that  th 
products  of  combustion  left  the  boiler  at  265°,  or  about  34°  higher  thi 
the  contemporaneous  temperature  of  the  steam  in  the  boiler. 

From  the  39th  line  of  the  table,  it  is  apparent  that,  on  the  second  trii 
with  six  rows  of  apertures  in  the  air-plate  open,  the  gases  escaped  froi 
the  boiler  with  nearly  twice  as  much  excess  of  temperature  above  il 
steam  as  on  the  preceding  day,  when  the  whole  remained  closed.  Th; 
fact,  together  with  the  superior  evaporative  efiect  already  noticed,  appeal 
conclusive  as  to  the  advantage  of  a  supply  of  air  thrown  in  al)OTe  th 
fuel. 

From  the  average  in  line  42,  it  is  evident  that  1  cubic  foot  of  thisaa- 
thntcite  evaporated  nearly  460  pounds  of  water  from  a  temperature  of  2l3^j 
the.lowest  result  being  438,  and  the  highest  489. 
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No.  8. 

^eadow  anthraciie—part  of  a  stock  procured  for  use  in  ike 

U.  S.  Steamer  Union. 

al  had  so  near  a  resemblance  to  the  samnles  of  Beaver  Meadow 
for  trial  by  the  company,  that  little  needs  to  be  said  in  relation 
racters.  It  was  broken  to  a  pretty  unifDrm  size  of  lumps  of 
ches  in  diameter ;  and  the  weight  of  1  cubic  foot  was,  on  an 
5.084  pounds.  This  will  show  that  40.66  cubic  feet  of  space 
3d  to  stow  1  ton. 

eeitfi  coal  of  this  sample  that  were  afterwards  made  the  experi- 
nixing  and  burning  together,  in  one  case,  bituminous  coal  of 
thian  (Virginia)  mines,  and  in  another,  that  of  Cumberland 
nd,  in  the  proportions  by  measure  of  one-fifth  bituminous  to 
anthracite. 

rere  two  varieties  of  this  anthracite  landed  at  the  yard  neariy  at 
ime,  and  thrown  in  two  separate  heaps.  The  coal  for  one  day*^ 
as  taken  fix)m  each  heap.  By  reference  to  the  table  of  deduc- 
gving  those  of  the  experiments,  and  a  comparison  of  the  results 
irnishes  with  those  found  at  pages  45  and  61,  and  which  re« 
two  samples  sent  for  trial  by  the  Beaver  Meadow  company,^ 
\n  that  the  C09I  now  under  consideration  was  4.86  per  cent  in- 
raporative  effect  to  the  mean  of  those  samples. 


Its 
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Damper  redaced  lo  8  iacbes. 

40 
41.5 

9.075 
3.330 

Content^  of  Rsh  pit  llirosn  ou  grale. 

- 

- 

135 

-10 

- 

Waler  io  boilef  adjaiiied. 

RESIDUA. 

Piundi. 
»ker. 14.50 
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TABLE  XXXIX^DEDUCnONS 
Experimenis  on  Beaver  Mmiim 


Nature  of  the  data  furnished  by  the  reflpective  tables. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours        ... 
Area  of  ffrate,  in  square  feet        -  -  -  - 

Area  of  heated  surface  of  boiler,  in  square  feet  - 
A  rea  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  ^rate 
Total  wei|;ht  of  coal  supplied  to  grate,  m  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  8up])lied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  tiie  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  or  water  supplied  at  the  end  of  experiment,  to 

restore  level    --..-- 
Deduction  for  temperature  of  water  supplied  at  end  of 

experiment,  in  pounds  .... 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation  -  -  j  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations    --.--. 
Water  eva^Kjrated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       -..--. 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  . 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  .  -  -  -  - 

Mean  tem})eraturc  of  wet  bulb  thermometer,  during  steady 

pressure  ------ 

Mean  tempi'rature  of  air,  on  arriving  at  the  grate 
Mean  teni|>er«lure  of  gases,  when  arriving  at  the  chimney 
Mean  tem|»craturc  of  steam  in  the  boiler 
Mean  temjx'raiu.e  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mean  numl>er  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gauge,  in  inches 

Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  iemj>eratureby  the  air,  Ivfore  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  cool,  corrected  for  temp,  of  water  in  cistern 
Watrr  to  1  of  coal,  from  212\  corrected  for  temperature 

of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212  \  to  1  cubic  ftn^t  of  cool 
Water,  from  212^"*,  to  1  pound  of  combustible  matter  of 

thefud           ---.-- 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
MeMi  preasupc,  in  pounds  [*er  sq.  inch,  above  atmosphere 
ConditiQn  «f  the  air-plates,  at  the  furnace  bridge 
'■  "  -"'ng  of  damper,  (U.  upper,  L.  lower) - 


1st  Trial. 
(7U.XXXF7/.} 


adTriiL    I 


JfyrU  13. 

32.66 
7.0 
16.35 
377.5 
31.66 
9.0 
1030.75 
908.43 
113.33 
55.68 
79.178 
4.873 
7.513 
1.3375 
17.809 
7060.0 
510.3 

565.0 

84.0 
696.438 
11.143 

1.8448 

1.7607 

7.6792 

8.7956 
8.1389 

550.57 


•djnif  13> 

S8.063 
7.66 
16.25 
377.5 
121.66 
10.0 
1089.75 
987.92 
101.83 
54.4875 
71.181 
4.38 
8.695S 
1.4617 
16.809 
8187.0 
53^.8 

2330.0 

342.0 
481.8 

7.70S 

1.3763 

1.427 

7.9409 

6.732S 

7.870( 

55'.  93 


252^.61 

2240.63 

276M5 

278^.63 

2290. 308 

228^7 

530.0 

530.0 

30.048 

29.923 

8.6596 

8.69 

0.193 

0.190 

0.2433 

0.261 

1970.04 

1680.69 

46\842 

490.92 

7.7277 

7.99( 

8.9334 

9.234 

497.45 

502.64 

9.659 

10.10: 

1.4291 

1.4S: 

6.3374 

6.99! 

Removed. 

Removed 

U.    13 

L.10,U.6& 
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TABLES  XXXVII,  XXXVIII. 
ite  coal,  from  navy-yard. 


•ea. 


Remarks. 


3837 

1795 

B36 

1037 

»96 

W9 


114 
t255 

^5 


1639 
)047 


>15 
»5 


152A 


)622 

>791 
»45 

»13 
I2&5 


The  lar^  amount  of  coal  left  on  the  gprate  is  attributable,  in  part,lio  doubt,  to  the 
dcfiuency  o(  draught;  but  by  reference  to  page  45  it  will  be  seen  that  the  Bea- 
ver Meadow  sample,  from  slope  No.  3,  gave,  on  an  average,  113.37  pounds ; 
almost  identical  with  that  found  on  the  first  trial  here  recorded. 


No  observations  on  this  subject  taken  at  this  period. 


The  height  of  chimney  (41  feet)  was  probably  too  low  to  give  the  most  useful 

effect  to  this  coal. 
(Observations  for  this  deduction  not  taken.) 
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No.  9. 

_  1 
I 

"^^ Natural  coke^^^  Jrom  Thickahoe^  Virginia^  sent  by  Messrs.  Ban  eid'^ 

Deaton. 

■ 

The  folio  wiDg  letter  relates  to  this  sample : 

"  Richmond,  July  1, 1842. 

<<  Uear  Sir  :  Annexed  you  have  a  receipt  from  Captain  Shorter, 
schooner  Presto,  for  two  tons  natural  coke,  (all  lumps,)  to  be  tested  as 
fuel  for  war  steamers.  It  is  from  a  mine  just  opened  on  Tuckahoe, 
Virginia. 

"  We  were  advised  by  Mr.  F.  B.  Deane,  whom  you  know,  to  forward 
this  thus  late — knowing  it  to  be  a  new  article,  and  believing  you  would, 
at  your  leisure,  give  it  a  trial,  should  it  not  arrive  in  time  for  the  genenl 
test.    The  heat  from  it  is  intense,  and  it  answers  well  in  our  pi^engiQel 

"  Yours,  respectfully, 

«  BARR  &  DEATON. 

"  William  B.  Scott,  Esq. 

The  exterior  appearance  of  this  material  is  very  different  from  that  of 
any  of  the  anthracites  heretofore  described,  and  equally  or  more  so  from 
that  of  all  the  bituminous  coals  which  will  hereafter  come  under  noticei 
It  is  of  a  uniformly  dull  black,  or  merely  glimmering  lustre ;  the  sll^ 
faces  of  deposition  appearing  in  many  specimens  to  be  distorted,  or  almotf 
wholly  obliterated.  In  others,  fractures  occur  along  those  surfaces;  tat 
the  fossils  which,  in  coal,  usually  occupy  those  spaces,  are  nearly  uDdis- 
tinguishable.  The  spaces  are  found  occupied,  m  a  great  measure,  bf 
sulphate  of  iron.  This  substance  gives  rise,  during  the  combustion,  to 
the  development  of  sulphurous  fumes  excessively  oppressive  to  the  organs 
of  respiration.  There  appears  to  be  scarcely  more  regularity  of  form  in 
the  masses  of  this  material  than  in  those  of  common  ai^thracite.  When 
reduced  to  powder,  it  becomes  perfectly  black,  and  the  streak  on  white 
.earthenware  is  of  the  same  color. 

One  specimen  (a)  of  this  material  had  a  specific  gravity  of  1.306; 
another  {b)  1.3413.  The  mean  of  these  gives  the  calculated  weight  per 
cubic  foot  82.695  pounds. 

Forty-seven  experiments  proved  the  actual  average  weight  per  cubic 
foot  to  be  46.635  pounds ;  the  highest  being  54.75,  and  the  lowest  4D.6. 
Hence  the  ratio  of  the  actual  to  the  calculated  weight  is  0.6639  : 1.  The 
space  required  per  ton  is  48.032  cubic  feet 

The  moisture  expelled  in  drying  a  at  216^  was  0.962,  and  that  fiom 
by  0.775.  28  pounds  exposed  for  four  days  in  the  steam-drying  appaiatni 
lost  1.116  per  cent. 

Of  other  volatile  matter,  a  lost  by  mean  of  two  trials  10.4S8|  and  1 
14.045.  The  sulphur  procured  from  b  was  0.466  per  cent  Tha  Md 
volatile  matter  obtained  from  one  specimen  tried  by  Dr.  King  was  13.916 
and  that  from  another  12.25.  The  mean  of  these  is  13.1(S ;  wtuk  tb 
Di^       ~  '     ^wo  above  stated  (including  moisture)  is  13.083. 
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Of  earthf  matter,  specimen  a  gave,  by  a  mean  of  four  incinerations, 
0.991 ;  and  by  four  others,  11.15 — mean  11.07;  6  gave  2.44  and  3.07, 
^  a  mean  of  2.755  per  cent  The  higher  numbers  in  both  of  these  cases 
H^  probably  due  to  the  more  complete  peroxidation  of  the  iron  in  one 
t  of  trials  than  in  the  other. 
During  the  experiments  on  evaporation,  there  were  burned  4,209  pounds 

this  coke,  from  which  were  obtained  551.5  pounds  of  ashes,  weighing 
>.98  pounds  per  cubic  foot ;  225.75  pounds  of  clinker,  weighing  38.25 
^vnds  per  cubic  foot;  and  11.5  pounds  of  soot  and  dust  from  the  flues, 
sighing  at  the  rate  of  22.67  pounds  per  cubic  foot.  Of  this  latter  ma- 
'li^,  the  carbonaceous  portion  was  doubtless  due  almost  entirely  to  the 
"^ood  used  in  heating  up  the  boiler.    A  reincineration  left  of  the 

Ashes  ...        52.78  per  cent  incombustible. 

Clinker  ^  -  -        90.37  " 

Soot  ....        46.66  « 

Hence  the  absolutely  incombustible  matter  in  the  state  of 

Ashes,  is       -  -  -  -  -      291.080  pounds. 

CUnker 204.105 

Dust  or  soot  -  ...  -  5.366 


Total        -  -  -      500.551       " 


Specimen  a. 

0.962 

Specimen  6. 

0.775 

(not  tried) 
10.428 

0.466 
13.679 

11.070 

2.775 

77.540 

82.405 

From  this  deducting  the  ashes  of  905.2  pounds  of  wood  =  2.777 
Minds,  we  have  left  497.774  pounds  =;  11.826  per  cent,  or  4.914  per 
eat  more  than  the  mean  of  the  two  specimens  above  analyzed. 

7%e  data  furnished  by  the  analyses  show  that  the  two  specimens  had 
le  following  constituents : 

Moisture    - 

Sulphur 

Other  volatile  matter 

Earthy  matter 

Fixed  carbon 

100.  100. 

Volatile  to  fixed  combustible         1  :  7.435  1  :  6.068 

The  operations  on  a  large  scale  afford  the  following,  viz  : 

Moisture,  from  28  pounds       ...  1.116  per  cent 

Other  volatile  matter,  from  four  specimens      -  11.977        " 

Earthy  matter,  from  4,209  pounds      -           -  11.826        '< 

Fixed  carbon,  by  difference    -           -           -  75.081        " 

Volatile  combustible  to  fixed  carbon            -  -  1 : 6.2688 

The  clinker  of  this  fuel  is  externally  of  a  reddish-brown  color,  black 

I  the  interior,  tending  to  spread  into  continuous  masses,  but  not  se- 
miAj  impeding  the  grate.  In  one  instance,  however,  it  was  found 
eessary  to  remove  a  portion,  to  maintain  a  uniform  action  of  the  boiler. 

II  oppressive  odor  oi  sulphurous  acid,  evidently  derived  from  the  de- 
mposition  of  the  sulphate  of  iron,  was  the  consequence  of  exposing 
is  clinker  while  hot  on  the  open  hearth  of  the  furnace. 
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Among  the  soot  and  dut  of  the  floes,  witfadMnm  tftir  bnrawg  dib 
coke,  was  foand  a  considerable  qoancitjr  of  snlpliwk  Mid ;  1S7-9 
of  the  dust  being  digested  at  a  temperatore  below  boiliw  polBt  fon 
hoursi  and  then  filtered,  was  ibaua  lo  oontun  fiee  snlphoric  aeidi.  CI 
ride  of  baiy  um  aflbided  a  precipitate  of  sulphate  of  baryta^  which,  k 
filtered  out  and  ignited,  weighea  22.9  graina^showing  the  salphuric 
to  be  4.98  per  cent  of  the  weight  of  oast  assayed.  Tne  preaenoe  of  ihjl 
material  in  so  considerable  quautiiies  must  doubtless  prove  highly  i]|l» 
nous  to  the  metals  with  which  it  comes  in  contadL 

Of  specimen  A,  20  grains  treated  with  litharse  yielded  626u88  gnisi 
of  metallic  lead,  or  31.344  times  its  own  weight.  Deducting  nuristom 
and  earthy  matter,  the  lead  to  1  of  combustible  is  32.491. 

The  tnal  of  this  coke  in  an  office  grate  exhibited  the  fi>llowing  phe- 
nomena :  When  laid  on  a  bed  of  Ignited  coke,  it  remained  for  twenty  or 
thirty  minutes  with  little  or  no  emission  of  flame.  It  then  bejpin  to 
yield  a  portion  of  blue  flame,  which,  as  the  heat  increased,  passed  into  a 
yellowish  white,  intermixed  with  blue,  and  rising  to  the  height  of  12  (a 
15  inches.  This  character  of  afibrding  a  pretty  long  flame  had  been  no- 
ticed in  the  experiments  on  evaporation. 

This  fuel  burns  with  about  the  same  activity  as  Lykens  valley  anthn- 
cite.  On  becoming  fully  ignited,  it  throws  out  an  intense  heat,  accom- 
panied with  the  blue  flame  of  an  anthracite  fire.  Being  more  |)orou8  than 
the  latter,  and  exposing  more  surface  to  the  action  of  the  air,  it  bums 
more  rapidly,  and  with  proportionate  intensity  of  heat  B]f  projecting  a 
little  water  on  the  ignited  mass,  the  blue  is  changed  to  a  crimson-colored 
flame. 

This  coke  would  be  more  suitable  for  hall  stoves  and  house-heatiot 
fiirnaces  than  for  open  grates,  especially  if  the  former  were  so  constnictra 
as  to  confine  the  strong  sulphurous  ftimes. 

The  time  required  to  bring  the  boiler  to  steady  action  was  1.745  hour, 
or  about  }  of  an  hour  less  than  was  required  by  the  Lykens  valley  an- 
thracite. 

The  quantity  left  unburnt  at  the  conclusion  of  each  experiment  was 
43.687  pounds.  The  very  large  proportion  of  combustible  matter  found 
in  the  ashes  by  reincineration  (47.22  per  cent  of  their  weight)  indicates 
that  a  rapid  disintegration  occurs  during  the  combustion.  This  effect 
rendered  it  frequently  necessary  to  replace  the  contents  of  the  ash-pit  on 
the  grate,  in  order  to  secure  a  satisfactory  combustion. 

It  cannot  be  recommended  for  use  in  smiths'  fires,  owing  to  the  large 
amount  of  sulphur,  and  the  high  proportion  of  earthy  constituents.  With 
a  very  slow  rate  of  combustion,  which  would  leave  a  large  portion  of  its 
residue  un  vitrified — such  a  rate,  for  example,  as  is  usal  m  Cornwall, 
where  the  water  evaporated  by  a  square  foot  of  absorbing  surfitce  is  tat 
about  nine-tenths  of  a  pound  per  hour — this  material  would  afford  a  steady 
durable  heat,  with  but  little  impediment  to  the  passage  of  air  through  the 
grate. 

A  reference  to  the  deductions  table  XLIY,  will  show  that,  on  an  >^veiag^ 
M  seen  in  line  86,  it  took  &34  pounds  of  coke  to  evaporate  1  cubic  foot «  ^ 
^>ller^and  that  thd  cubic  foot  of  coke  evaporated  from  2L2^  396.3  jfMm 

■*mali  while  ttm  same  bulk  of  Lyken's  Yalley  anthracite,  to  which  ii* 
fcMn  a  ationger  aaalogy  than  to  that  of  any  other  of  this  dM 
iiMl  iS9.ft  pouda  oC  M^ 
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In  line  39  of  the  table  of  deductions,  it  will  be  seen  that  when  the 
>platet  at  the  fiiruace  bridge  were  open,  the  gases  passed  to  the  chim- 
W8f  at  a  mean  temperature  above  that  of  the  steam,  for  the  two  days  on 
^ich  that  arrangement  was  adopted,  of  46^.74;  while  on  the  two  days 
Vfaen  the  air-plate  was  closed,  the  mean  excess  of  temperature  was  only 
"tBR^,  This,  as  well  as  the  slight  superiority  in  evaporative  effect  ob- 
Hrved  in  the  43d  line,  when  the  air-plate  was  open,  lead  to  the  conclusion 
Aat  some  portion  of  combustible  gases  escaped  combustion  when  the 
lir-plate  was  closed. 


us 
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Winrt  NE.;dear. 

IH4 

■i.VH 

aerenlh  charge  ialnmpj. 

M 

lill 

53 

S.093 

Commenced  drawing  ga-ses  at  11*.  35m.  a.  m.;  drew  in 
15  minules  100  cubic  inches,  which  ^3"  of  waicr  0.80 

iil7 

53 

■imr 

-£ii 

51 

3.046 

in  13  minales  101  cubic  inches,  which  gave  water  I. IT 
erain,  carbamc  acid  5.44  giaiHE,  and  oiygen  14.55  cobie 

3,771 
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4R 

Commenced  fillmg  l«Bk  at  U.  Vim.;  concluded  ai2A.  aim. 

3(W 

51 

i.yo7 

323 

33 

1.738 

Cloudy;  wind  NB.,  wiih  iprinkling  of  rain. 

31S 

27 

0.901 

Conients  of  asb  pit  thrown  on  grate. 

303 

30 

Wnier  in  boiler  lA  inch  abort  normal  lertl;  damper  re- 

I3H 

— « 

Waier  in  boiler  1.3  Inch  below  normal  level;  cloadjr. 

- 

Water  in  boiler  adjusted. 
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TABLE  XUV.— DEDUCTKHISTtOII 


Nature  of  the  dacta  fumithed  bj  the  respective  tobies. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 

H 
45 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  houre        -  .  . 

Area  of  grate,  in  souare  feet       -  -  «  . 

Area  of  heated  surtace  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  ficet 
Number  of  charges  of  coke  supplied  to  grate     • 
Total  weight  of  coke  supplied  to  grate,  in  pounds 
Pounds  of  coke  actually  consumed         ... 
Pounds  of  coke  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coke 
Pounds  of  coke  supplied  per  hour,  during  steady  action 
Pounds  of  coke  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coke 
Pounds  of  clinker  alone,  from  100  pounds  of  coke 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experimenty  to 

restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  ead  of 

experiment,  in  pounds  .  .  -  . 

Pounos  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steai^  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation        -  -  .     •     . 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations   ------ 

Water  evaporated  by  1  of  coke,  from  initial  temp,  (a) 

final  result      ------ 

Water  evaporated  by  1  of  coke,  from  initial  temp,  (b) 

during  steady  action  - 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  -  - 

Mean  temperature  of  wet  bulb  thermometer,  duringsteady 

pressure  --.--- 

Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  amving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches      .  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gau^,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  sain  of  temperature  by  the  air,  before  reaching  grate 
Mean  oiiTerence  between  steam  andf  escaping  gases 
Water  to  1  of  coke,  corrected  for  temji.  or  water  in  cistern 
Water  to  1  of  coke,  from  212^,  corrected  for  temperature 

of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212*^,  to  I  cubic  foot  of  coke 
Water,  from  212^^  to  1  pound  of  combustible  matter  of 

the  fuel  .---.- 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  nnature,  in  pounds  per  sq.  inch,  above  atmosphere 
« <«f  toe  air-plates,  at  tne  furnace  bridge 
M  damper,  (U.  upper,  L.  lower) 


lit  Trial. 


17- 

S9.5 
4.75 
14.07 

377.6 
18.75 
10.0 

933.35 

901.5 
31.75 
46.66S 

141.89 
10.06 
19.70 
'4.8597 
94.668 
6620.0 

76O.0 

1640.0 

217.0 

781.68 

1S.5 

2.07 

S.15 

7.1026 

5.506 
8.7996 

750.54 

650.07 
2920.57 
2500.21 
2320.1 
73.0 
30.031 
5.09a 
0.5482 
0.3325 
590. 78 
2170.03 
210.7 
7.0575 

7.9894 

372.8 

9.9494 
1.4384 
6.4739 

Closed. 

a.      10 


(MbJOI) 


94.1 

7.1 
14.97 

9n.5 

18.75 
13.0 
1183.» 
U44.aS 
SB.O 
45.&1 
101.54 
75a 
1104 

6.inf 

8973.1 
75».l 

13flr.l 

176.1 
74S.9I6 
11.11 

1.174 
1.991 

7.688 

6.999 
8.13N 

78O.0 

620.45 

9970.41 
3790.39 
9390.0 
75.0 


5.111 
0.5469 
0.9491 
530.99 
199.41 
980.96 
7. 


8.M 
i.U 


it: 
ij__^ 
r4i6i 
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.MTriaL 

tmxuL) 


I 

ft 


JbM20. 

S4.333 
6.25 
14.0T 
-377.5 
18.75 
13.0 
1146.35 
10B5.25 
61.0 
47.7604 
W7.44    , 
7.6361 
30.55 
4.833 
83.517 
e3B4.0 
740.7 

563.0 

77.0 
831.68 
13.307 

3.203 

2.177 

7.562 

7.741 
8.265 

770.53 


^.05 
963^44 
279^33 
230O.9 
75».0 
30.349 
5.1272 
0.545 
0.2654 
6»>.45 
»5».01 
550.23 
7.5387 

8.5414 
407.94 

10.7507 
1. 


€.383 

3|M0. 

U.     5 


4th  Trial. 
{TabUXLUI.) 


I 


Jvme  21.  . 

25.0 
7.166 
14.07 
377.5 
18.75 
12.0 
1121.0 
1078.0 
43.0 
46.7083 
103.091 
7.327 
16.971 
5.3535 
31.418 
8338.0 
750.4 

587.0 

76.0 

782.501 

12.52 

2.073 

2.114 

7.664 

7.59 
8.155 

790.53 

650.59 
2920.7 
2710.35 
230<'.23 
770.0 
30.26 
5.145 
0.5433 
0.260 
590.0 
2130.17 
450.29 
7.6404 

8.6566 
404.33 

10.426 
1.4309 
6.3634 

CkMBd. 

U.      5 


Averages. 


43.6875 
46.6602 
114.74 

8.1538 
18.461 

5.3134 
29.2355 


785.275 
12.562 

2.08 


7.504 

6.958 
8.3373 


2640.03 
268O.302 


0.275 

1860.38 
400.12 
7.4752 

8.4728 
395.295 

10.389 
1.4345 
6.4166 


Remarks. 


In  the  third  trial,  with  the  upper  damper  drawn 
but  5  inches  and  the  air-plates  open,  Uie  coke 
unbumt  is  61  lbs. ;  whue  with  the  damper 
drawn  10  inches,  and  air-plates  closed,  the 
quantity  is  but  31.75  lbs. 


/ 


The  opening  of  the  air-jdates  a^ipMxt^  tcom  ^^ 
43d  line,  to  have  proauccA  ^  Vmxm&casX  tfiw^x.^ 
whether  the  damper  ^nm  tocwn  \A^^^AitosiftA 
of  10,  or  only  to  thaX  of  &  iiDdiea. 
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No.  10. 

Artificial  coke  from  Midlothian  coaly  procured  for  use  in  the  noty  yordl 

This  fuel  was  produced  by  coking  in  a  pile,  on  an  open  coke  hearthyj 
the  navy-yard,  16,190  pounds  of  coarse,  and  6,090  pounds  of  fine  Mill 
thian  coal ;  the  latter  being  used  as  a  covering  for  tne  former,  which  " 
piled  loosely  together,  in  an  oblong  pile  16  or  20  foet  long,  6  feet 
and  4^  high,  with  suitable  air  passages  leading  to  chimneys  formed 
three  points  in  the  length  of  the  heap.  The  coking  process  was  ( 
ducted  slowly,  lasting  fifteen  days.  This  was  intended  to  avoid 
waste  of  any  portion  of  fixed  carbon,  and  to  yield  a  coke  which,  though] 
would  undergo  no  farther  change  of  form  while  in  combustion,  would 
give  a  flame  of  some  activity. 

From  the  above  amount  of  22,280  pounds  of  coal,  there  were  d( ' 
14,045  pounds  of  coarse,  and  3,870  pounds  of  fine  coke.  Had  the 
coke  been  to  the  whole  weight  only  in  proportion  as  the  coarse  coal 
to  its  whole  weight,  there  would  have  been  13,018  pounds  in  the 
state.  This  proves  that  1,017  pounds  of  coarse  coke  had  been  prodi 
out  of  the  fine  portion  of  the  coal.  The  loss  of  weight  on  the  whole 
4,265  pounds,  or  19.14  per  cent  The  finer  portion  round  the  edgei< 
the  heap,  and  some  few  lumps  near  its  exterior,  had  of  course  escaped 
part  the  full  efiect  of  the  coking.  But  the  purpose  had  been  comf 
attained,  producing  a  fuel  of  great  strength  and  activity,  and  adapted 
purposes  for  which  the  coal  out  of  which  it  was  formed  would  be  ir~ 
missible.  During  the  coking,  a  considerable  quantity  of  tarry  mal 
with  some  sulphur  and  other  products  of  the  distillation  going  on  wit 
the  heap,  were  condensed  about  the  chinks  of  the  clay  covering  placedi 
the  exterior.  Flame  was  perceived  but  for  a  short  time  during  the  opei^ 
ation ;  and  I  am  inclined  to  think  that  as  much  economy  in  conductinj| 
the  process  was  observed  as  would  be  found  practicable  with  coal  of  tld 
character. 

The  weight  per  cubic  foot  of  this  coke,  as  determined  by  sixteen  iriali 
was  32.734  pounds.  The  average  weight  of  Midlothian  ^^ screened-- ^ 
was  found  to  be  45.722  pounds  ;  that  of  the  "  average*^  54.044  pouudi 
and  as  the  coarse  and  fine  portions  employed  to  form  the  coke  were  n 
spectively  72}  and  27^  per  cent.,  if  the  weights  in  a  cubic  foot  of  th 
mixture  employed  be  assumed  to  have  been  proportionate  to  these  nun 
bers,  then  will  the  coarse  coal  in  a  cubic  foot  be  0.7266x45.722  =  33.25 
pounds;  that  of  fine,  0.2733x54.044  =  14.806  pounds;  which  mak< 
the  cubic  foot  48.03  pounds;  deducting  19.14  per  cent,  there  are  k 
38.837  pounds ;  and  from  this,  taking  the  weight  of  a  cubic  foot  of  coh 
32.734  pounds,  there  is  left  6.103  pounds.  Hence  the  enlargement  of  tl 
bulk  by  coking  was  6.103-1-32.734=  18.369  per  cent 

The  space  required  for  stowing  1  ton  is  68.495  cubic  feet.  The  coke  V 
some  time  on  the  ground  after  bMeing  raked  from  the  heap,  and  a  rain  k 
which  caused  a  complete  saturation  with  moisture ;  20  pounds  lost  1 
two  days'  exposure  in  the  drying  apparatus  9  ounces,  or  2.81  per  cent 

The  total  weight  burned  was  1,037  pounds ;  and  the  weight  of  ash 
withdrawn  (exclusive  of  those  from  wood)  was  61.82  pounds ;  diat 
clinker  109.76  pounds.    Hence  the  total  waste  is  171.67  -*- 1,037  ==  16.5 
per  cent  of  the  ooke  actoaUy  b\ucued« 
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• 

From  the  Midlothian  screened  coal,  the  total  waste  was  10.31  per  cent.; 
and  from  the  average  coal  of  the  same  mines,  14.82  per  cent.  Hence  the 
waste  (ashes  and  clinker)  from  100  of  the  mixture  of  these  two,  formed 
as  was  that  which  was  subjected  to  coking,  would  have  amounted  to 
}3.567.    As  the  coal  lost  19.14  per  cent,  in  coking,  the  remaining  80.86 

efts  by  weight  of  coke  had  also  13.567  parts  of  earthy  matter,  which  is 
.778  per  cent.  One  pound  of  soot  and  dust  was  procured  from  the 
Ines  after  burning  this  coke. 

It  took  two  hours  to  bring  the  boiler  into  steady  action,  from  the  time 
the  charging  with  coke  commenced.  When  once  ignited,  it  bums 
with  great  freedom  and  rapidity. 

Upon  a  comparison  of  evaporative  powers,  after  making  in  both  cases 
ihe  proper  deductions  for  earthy  matter,  it  will  be  found  that  this  coke 
gave  10.343  ;  and  the  screened  and  average  Midlothian  coal  9.85  pounds 
of  steam  from  water  at  212^  to  1  of  combustible  matter.  This  proves 
that  the  fixed  carbon  contained  in  this  coke  had,  weight  for  weight,  a 
Ugher  evaporative  power  than  the  volatile  ingredients  of  the  coal  which 
luid  been  expelled  in  coking.  The  superiority  of  the  coke  combustible 
9ver  the  coal  combusMle  is  5.005  per  cent,  of  the  evaporative  power  of  the 
litter. 

From  the  column  of  '<  remarks"  in  the  following  table,  it  will  be  observed 
that  it  became  necessary  in  the  course  of  the  experiment  to  withdraw 
from  the  furnace  a  quantity  of  clinker,  in  order  to  allow  the  combustion  to 
iROceed  with  regularity. 
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Vpptr  damper  8  tnc/M  optm;  mr  pUUt  tioHd ;  llim  | 


A 

. 

■g 

il 

G 

£■ 

0    ■ 

^ 

u 

a 

1 

■; 

Date. 

Hon.'. 

U 

i 

S 

i 

-s 

j^ 

i 

i 

s 

1 

1 

M 

Is 

a"^ 

1 

l\ 

Is 

ii' 

1 

.5 

2 

1- 

"2^ 

■3 

B 
•3 

'i 

►  i 

-s"- 

*2 

=  .s 

1 

g-s 

1 

t 

E 

i 

M 

§ 

s 

% 

1 

3S 

3a 

■5 
so 

IJO 

1 
43 

136 

< 

1 

E 

■5 
> 

1 

£ 

± 

Nu7.   6 

~ir^ 

35 

30.29 

0.383 

6.73 

0.14 

S:lw 

IH 

31 

110 

33» 

43 

231 

35 

30.33 

0.6^ 

4.36 

0.31 
0.40 

651 

53?:5 
6S.» 

■fllw 

3?" 

33' 

"m 

'»* 

'43' 

'230 

■37' 

'3o!32 

'o!5si 

'4!76 

111.  00 

3» 

34 

l3o 

i95 

iri 

333 

37 

30.32 

0.59t. 

4.62 

0.41 

651 

67.SI 

6T.a 

111.30 

41 

3a 

Ul 

301 

39 

39 

30.32 

O.STfi 

4.80 

0.33 
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0.31 
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4G 
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Experiments  on  Coke  of  Midlothian  coaL 
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Naturr  f>f  Uic  data  furnished  by  the  preceding;  table. 


Total  dumtion  of  the  experinifnl,  in  hours  -  -  -  - 

Duration  of  Htrady  notion,  in  hours  -  .  .  -  . 

Artu  of  la^ratc,  in  square  fcot  ------ 

Art-a  of  Ilea  ted  surface  of  iMiiler,  in  square  feet      -  -  -  - 

Area  of  lM)il<;r  expos<M!  to  direct  radiation,  in  square  feel  -  -  - 

Number  of  rhanres  of  coke  supplied  to  jjrrate         -  -  -  - 

Total  weitflit  of  coke  supplied  lo  pmte,  in  {)ounds  -  -  - 

Pounds  of  cok«!  actually  consumed  -  -  -  -  - 

Pounds  of  Coke  withdrawn  and  scpanited  after  trial  -  -  - 

Mean  weii;ht,  in  jvninds,  of  one  cubic  fo<n  of  coke  .  -  - 

Pounds  of  coke  suf)plied  |mt  hour,  durinjs:  steady  action    -  -  - 

pounds  of  Coke  f»er  snuare  foot  of  grate  surface,  per  hour 

Total  waste,  ashes  ana  clinker,  from  100  pounds  of  coke 

Pounds  of  clinker  alone,  from  100  p«»unds  of  coke  -  -  . 

Ratio  of  clinker  to  the  total  waste,  per  cent.  -  -  -  - 

Total  pounds  of  water  supplied  to  the  boiler  -  -  -  - 

Mean  tem|M?niture  of  water,  in  dcj^rrees  Fahrenheit  -  -  . 

Pounds  of  water  8ui>plied  at  the  end  of  ex|MTiHient,  to  restore  level 
r)edu«*tion  for  temperature  of  water  supplied  at  end  of  experiment,  in  Uw. 
Pounds  of  water  evafwrated  yur  hour,  during  steady  action 

Cubic  feet  of  water  per  hour,  during  steady  action  -  -  - 

Pounds  of  water  per  sq.  foot  of  heated  surface  per  hour,  by  one  calculation 
Pounds  of  water  p<;r  square  foot,  by  a  mean  of  several  obaervations 
Water  evap)ratca  by  1  of  coke,  from  initial  temp,  (a)  final  result 
Wator  evaporated  by  1  of  coke,  from  inititU  temp,  (b)  during  steady  action 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  -  -  - 

Me;ui  tem|Terature  of  air  entering  below  ashpit,  during  steady  pressure    - 
Mean  tempemture  of  wet  bulb  thermometer,  during  steady  pressure 

Mt-an  tem|>erature  of  air,  on  arriving  at  the  grate  -  -  -  - 

Mean  tem|>erature  of  gases,  when  arriving  at  tlie  chimney 

Mean  tem}K'niture  of  steam  in  the  boiler    -  -  -  -  - 

Mean  te mf^erature  of  attached  thermometer  -  -  -  . 

Mean  height  of  biirometcr,  in  inches  -  -  .  -  - 

Mean  number  of  volumes  of  air  in  manometer      -  -  -  - 

Mean  height  of  mercury  in  manometer      -  -  -  -  - 

Mean  heiglit  of  water  in  syphon  draught-ffauge,  in  inches 

Mean  temperature  of  dew  Boint,  by  calculation     .  .  -  . 

Mean  gain  of  temperature  liy  the  air,  before  reaching  grate 

Mean  difTerencc  l>etween  steam  and  escaping  gases  -  -  - 

Water  lo  1  of  coke,  corrected  for  temperature  of  water  in  cistern 

Water  to  1  of  coke,  from  212-,  corrected  for  temperature  of  water  in  cistern 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coke  -  -  - 

Water,  from  212^,  to  1  pound  of  combustible  matter  of  the  coke 

Mean  pressure,  in  atmospheres,  above  a  vacuum  -  -  -  - 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air-plates,  at  the  furnace  bridge  -  -  -  - 

Indhet  opening  of  damper  -..---- 


Trial. 
(Tsble  XUr.) 
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14.07 
377.5 
18.75 
16.0 
1046.5 
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9.5 
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16.545 
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70M1 
7.40» 
6.6319 
282.56 
10.3433 

1.4984 

7.art7 

Cloeed. 
Uppers 


1 


■\KKt.— This  coke  will  be  observed  to  five  a  greater  ranidity  of  evaporation  than  most  of 

^  tried  during  these  experiments.    The  porousness  or  coke,  and  the  compactness  of  aih 

laee  them  in  strong  contrast  in  regard  to  facility  of  combustion,  and  justify  the  iinAr' 

ftnnar  fuel  for  locomotive  engines ;  while  its  bulkiness  precludes  its  adoption  for  mp 

ntf  of  thii  fuel  rendered  it  necessary  to  load  the  valves  with  extra  weightt,  tfl 
liwhaife  of  water  mechanically  mixed  with  the  steam. 
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No.  11. 

Artificial  cokefrmn  Neff^s  Cumberland  coal. 

The  coke  on  which  this  experiment  was  made,  was  part  of  a  quantity 
oduced  under  my  direction  from  a  portion  of  the  same  boat-load  of  coal 
»Di  which  the  sample  of  Neff 's  coal,  hereafter  to  be  described,  had  been 
Ken.  It  had  lain  for  several  weeks  in  the  yard,  and  was  doubtless, 
ien  taken  to  the  coking  hearth,  quite  as  fully  saturated  with  moisture 
the  sample  tried  for  evaporative  power.  By  reference  to  the  descrip- 
•n  of  that  coal,  it  will  be  seen  that,  in  the  drying  apparatus  connected 
th  the  boiler,  it  lost  2.455  per  cent. 

The  coke  heap  was  composed  of  22,340  pounds  of  coarse,  and  6,160 
unds  of  fine  coal. 

After  coking  for  ten  days,  it  was  drawn,  and,  without  being  exposed  to 
ly  rain,  was  carried  while  yet  moderately  warm,  reweiglied,  and 
lased. 

The  quantity  burned  under  the  boiler  was  taken  immediately  to  the 
lilding  containing  the  apparatus,  and  was  used  on  the  following  day. 
This  statement  may  indicate  that  the  coke  contained  the  minimum  of 
oisture — contrary  to  what  happened  in  the  case  of  the  coke  from  Midlo- 
ian  coal,  which  contained,  as  proved  on  trial,  2.812  per  cent  of  moisture. 
The  weight  of  coarse  coke  from  the  above  quantity  of  coal  was  16,770 
oands,  and  the  fine  6,805.  Hence  the  weight  of  coarse  coke  is  75.065 
er  cent,  of  the  coarse  coal ;  while  the  whole  weigM  of  coke  is  of  the 
rhole  weight  of  coal,  both  coarse  and  fine,  82.719  per  cent — showing  a 
m  of  17.281  per  cent,  and  proving  that  the  disintegration  of  the  coarse, 
ilfaer  than  the  agglutination  of  the  fine  portions  of  the  coal,  was  the 
lact  of  the  coking.  The  contrary  has  been  shown  to  take  place  with 
ie  Virginia  Midlothian  coal. 

By  reference  to  the  accompanying  table  of  the  experiment,  and  to  that 
r  deductions,  it  will  be  observed  that  the  coke  weighed  at  the  rate  of 
1.57  pounds  per  cubic  foot ;  while  the  average  weight  of  the  coal  from 
hich  it  was  formed  will  hereafter  appear  to  have  been  54.287  pounds  per 
ibic  fi>ot  Hence  the  loss  by  coking,  of  17.281  per  cent,  will  leave  44.907 
mods  of  coke  from  one  cubic  foot  of  raw  coal.  It  follows  that  the  en- 
igement  of  bulk  has  been  42.25  per  cent 

From  the  account  hereafter  to  be  presented,  it  will  appear  that  the  total 
wste  in  ashes,  clinker,  and  fine  coke,  from  Neff 's  coal^  was,  on  an  average 
f  foar  trials,  10.956  per  cent;  while  from  the  coke  it  was  13.515.  The 
iflBBrence,  2.659,  is  18.934  per  cent,  of  the  latter  number,  and  indicates 
lie  ratio  of  loss  in  weight  which  the  coal  sustained  in  coking ;  but,  as 
In  is  greater  than  17.281,  obtained  by  weighing  the  coke,  we  may  infer 
liBt  more  unbomt  matter  passed  through  the  grate  while  burning  the 
(dee,  than  had  escaped  while  the  coal  was  under  trial.  The  difference 
1 1}  per  cent 

It  q>pean  that,  during  steady  action,  the  draught-gauge,  when  using 
Miy  with  air-plate  cIosm  and  damper  drawn  8  inches,  stood  at  an  ave- 
m^  height  of  0.388  inch,  burning  126  6  pounds  of  coal  per  hour,  and 
vaporatmg  1|0C0  pounds  of  water  per  hour ;  and  that  when  using  coke 
ritn  a  like  arrae^ment  of  damper  and  air-plate,  the  gauge  marking 
'""'  inch,  the  weight  of  coke  burned  per  hour  was  118.6  pounds,  and 
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the  water  evaporated  was  932  pounds  per  hour.  Hence  we  have  126.6: 
118.5 : :  0.3SS  :  0.363 ;  proving  that  the  amount  of  combustion  was  yerf 
nearly  proportioned  on  the  two  occasions  to  the  force  of  the  draught; 
while  0.388  :  0.361 : :  1,060  :  985,  which  proves  that  the  evaporation  was 
53  pounds  per  hour  less  rapid  with  the  coke  than  with  the  coal,  even  sop 
posing  the  draught  of  the  chimney  to  have  been  the  same  in  both  cases 
'J'he  cause  of  more  active  draught  during  the  day  on  which  the  coal  wh 
burned,  may  probably  have  been  the  prevalence  of  a  northwesterly  wini 
which  generally,  from  the  position  of  the  building  containing  the  appi* 
ratus,  was  observed  to  augment  sensibly  the  force  of  the  draught. 

On  comparing  the  evaporative  power  of  the  pound  of  coke  with  thu 
of  the  same  weight  of  Neff's  coal,  it  will  be  observed  that  the  latter  v« 
9.742,  and  the  former  8.997.  As  the  wcutte  from  coal  was,  on  the  dayoi 
the  first  trial  alluded  to,  11.792  per  cent,  and  13.515  for  the  coke,  tho 
evaporative  power  in  the  unit  of  combustible  matter  in  coal  is  11.044,  and 
in  coke  10.403.  Thus  it  appears  that  the  combustible  matter  in  the  cob 
is  5.8  per  cent,  less  effective,  pound  for  pound,  than  that  in  the  coal. 

The  comparison  of  this  coke  with  that  from  Midlothian  coal  aol 
with  the  natural  coke,  will  make  it  evident  that  the  evaporative  powv 
of  the  combustible  matter  in  each  was  almost  exactly  the  same— -beioi 
10.381  for  Neff's  Cumberland  coke,  10.343  for  Midlothian  coke,  and 
10.389  for  natural  coke.  But  while,  as  just  seen,  the  coke  of  Ctmh 
berland  coal  is  5.8  less  effective  in  its  combustible  constituents  than  the 
coal,  in  the  Midlothian  the  reverse  is  true;  the  coke  is  5.005  percent 
more  efficient  in  the  action  of  its  combustible  part  than  the  original  coa 
is  in  that  of  its  compound  of  fixed  and  volatile  combustibles. .  Tlu 
time  required  by  this  coke  to  bring  the  boiler  to  steady  action  was  1.16( 
hour. 

In  the  preceding  article  it  has  been  seen  that  the  Midlothian  coaliosl 
of  its  weiglit  in  coking  19.14  per  cent.,  and  gained  in  bulk  18.37  pei 
cent.  And  as  it  was  found  that,  when  submitted  to  rapid  distillation  in  i 
close  vessel,  specimens  of  the  coal  from  which  it  was  produced  lost  abou 
30.2  per  cent.,  it  is  evident  that  of  this  quantity  there  remained  in  th< 
coke  11.06  parts.  If  the  water  proved  to  have  been  imbibed  by  the  coto 
(2.81  per  cent,  of  its  weight)  be  added  to  the  apparent  diminution  b) 
coking,  it  will  give  21.41  per  cent,  as  the  quantity  of  volatile  matter  ex- 
pelled, leaving  only  8.79  parts  remaining  in  the  coke  when  first  raked 
from  the  heap.  This  is  but  little  more  than  two-thirds  as  much  as  in  the 
natural  coke  already  described,  which,  by  an  average  of  seven  trials,  con- 
tained 12.86  per  cent  of  volatile  matter.  As  above  stated,  the  Cumber- 
land coal  lost  of  its  weight  17.28  per  cent.,  and  gained  in  bulk  no  less 
Uian  42.25  per  cent 

The  above  results,  which  were  obtained  by  working  on  a  practical  scale 
may  be  compared  with  those  which  are  known  to  be  realized  in  practia 
by  the  different  modes  of  coking  adopted  in  the  arts. 

1.  By  coking  in  uncovered  heaps  of  coarse  lumps,  (as  at  many  of  thi 
iron- works  in  Great  Britain,  France,  and  elsewhere,)  and  only  coverioi 
up  the  ignited  mass  when  flame  ceases  to  be  emitted.  By  this  process 
the  loss  in  weight  at  Plymouth  is  stated  to  be  17,  at  Penn-y-darran  20 
and  at  Dowlais  34  per  cent*    This  last  is,  no  doubt,  for  greater  than  i 

*Sm  Mr.  J.  H.  AkHMidwr*!  Report  on  the  Mairaftetace  of  Iron. 
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neeessary,  owing  to  the  cheapness  of  coal,  and  the  consequent  neglect  of 
■eonomy  in  the  management  of  the  coking  process.  The  coais  at  Dowlais 
wad  at  Penn  y-darran  bear  a  strong  analogy  to  that  of  Cumberland,  but 
Ittve  rather  less  volatile  matter.  Highly  bituminous  coals,  coked  in  un- 
BOTered  heaps,  lose  fiom  55  to  60  per  cent,  of  their  weight,  and  those  of 
IBedium  quality  from  45  to  50,  and  those  of  still  lower  bituminousness 
torn  30  to  40  per  cent.*  In  all  these  cases,  a  considerable  loss  occurs 
ibm  burning  away  some  portion  of  the  solid  carbon  on  the  exterior  of  the 
Imp,  before  the  slack  and  cinders  are  placed  upon  the  coke  to  extinguish 
ttefiie. 

:  2.  By  coking  in  stacks,  (that  is,  in  well-covered  heaps  of  coal  from  10 
1 15  feet  in  diameter,)  as  followed  in  Staffordshire,  coals  of  high  bitu- 
VUnousDess  lose  from  50  to  55,  and  those  of  a  drier  nature  from  35  to  40 
^cent 

3.  By  coking  in  close  ovens,  the  coal  of  Rive-de-Gier  yields  69  per  cent. 
^f  coke,  whereas  by  the  first  of  the  above  methods  it  gives  but  45  or  50. 
.n  the  close  oven,  the  ffain  of  bulk  is  from  22  to  23  per  cent  In  the  close 
iven,  highly  bituminous  coals  yield  from  65  to  66  per  cent. ;  but  in  the 
ipen  heap  only  from  40  to  45,  and  this  with  an  actual  diminution  of 
tmlk.f 

4.  By  coking  in  gas  retorts,  the  Deane  coal  of  Cumberland  (England) 

E'ns  in  bulk  nearly  30  per  cent.,  and  loses  in  weight  25  per  cent. ;  Car- 
e  coal  nearly  the  same ;  while  Cannel  and  Cardiff  coals  gain  in  bulk 
30,  and  lose  in  weight  36.5  per  cent.  Bewick's  Wallsend  coal  loses  30, 
Sid  Russell's  Wallsend  30.7  per  cent,  by  the  same  process.^ 

Other  important  particulars,  in  relation  to  this  material,  will  be  found 
angea  under  the  proper  heads  in  the  general  synoptical  table  of  deduc- 
tioni  following  this  class  of  coals. 

*8ee  Leblanc  A  Walter  MStaUurgUt  Pratique  du  Fer,  p.  36. 
t8ee  Leblanc  A  Walter  MetallurgU^  Pratique  du  Per,  p.  47. 
j  Ure*fe  DictioDary  of  Arts,  article  Ga&-Hgh\ 
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TABLE  XLVIIL— DEDUCTIONS  FROM  TABLE  XLVIL 
Experimenis  on  Coke  of  Jfeff^s  coaL 


1 

sa 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Id 

19 

20 

21 

2t2 

23 

24 

25 

2G 

27 

28 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


Nature  of  the  data  furnished  by  the  preceding  table. 


Trial 


Total  duration  of  the  experiment,  in  hours  .... 

Duration  of  steady  action,  in  hours  ..... 

Area  of  CTate,  in  souare  feet  --..-- 

Area  of  heated  surface  of  boiler,  in  square  feet      -  -  -  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  -  r  - 

Number  of  charges  of  coke  supplied  to  grate        .... 
Total  weight  of  coke  supplied  to  grate,  in  pounds  ... 

Pounds  of  coke  actually  consumed  -  -  .  -  - 

Pounds  of  coke  withdrawn  and  separated  aAer  trial  ... 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coke  -  -  - 

Pounds  or  coke  supplied  per  hour,  during  steady  action   -  -  • 

Pounds  of  coke  per  souare  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coke 
Pounds  of  clinker  alone,  from  100  pounds  of  coke  ... 

Ratio  of  clinker  to  the  total  waste,  per  cent.  .... 

Tottd  pounds  of  "water  supplied  to  the  boiler         -  •  -  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit  ^  •  . 

Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  end  of  experiment,  in  lbs. 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  .  .  - 

Pounds  of  water  per  8q.  foot  of  heated  surface  per  hour,  by  one  calcubition 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  ODserrations 
Water  evaporated  by  1  of  coke,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coke,  from  initial  temp,  (b)  during  steady  action 
Pounds  of  fuel  OTiporaiing  one  cubic  foot  of  water  -  .  - 

Mean  temperature  of  air  entering  below  ashpit,  during  steady  pressure    - 
Mean  temperature  of  wet  bulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate  -  -  - 

Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler    -  -  -  .  . 

Mean  tem|)€rature  of  attached  thermometer  -  .  .  - 

Mean  height  of  barometer,  in  inches  -  .  -  .  - 

Mean  number  of  volumes  of  air  in  manometer     -  .  .  . 

Mean  height  of  mercury  in  manometer     -  -  .  -  - 

Mean  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  iM)int,  by  csJculation     -  -  -  - 

Mean  ffain  of  temperature  oy  the  air,  before  reaching  grate 
Mean  aifference  between  steam  and  escaping  gases  .  .  . 

Water  to  1  of  coke,  corrected  for  temperature  of  water  in  cistern 
Water  to  1  of  coke,  from  212^,  corrected  for  temperature  of  water  in  cistern 
Pounds  of  water,  from  212*^,  to  1  cubic  foot  of  coke         -  -  . 

Water,  from  212<^,  to  1  pound  of  combustible  matter  of  the  fuel  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum  -  -  .  - 

Mean  pressure,  in  pounds  i>er  square  inch,  above  atmosphere 
Condition  of  the  aii^plates,  at  the  furnace  bridge   -  .  .  . 

Inches  opening  of  damper  ------- 


Odokrai      ! 

S5.m  I 

5.MI 
14.07 
377.5 
18.7S     { 
.  Xb.^ 
lOtO.SS 
994.S5 
16.0 

si.sm 

118.51? 
8.491 
13.5U 
3.59M 


7866.0 

6S0.I 

417.0 

56.6 

911.917 

14.9U 

%M 

1475 

7.851 

im 

7.9566 

75^.0 

65O.0 
3190.S7 
2760.93 

2330.S1 

700.36 
29.876 
5.194 
0.5445 
0.3608 
59'=>.64 
1440.57 
47.91 
7.853 
8.99£ 
•284.02 
10.38] 
1.42S 
6.d8f 
Closed. 
Uppers 


*  It  will  be  seen  by  a  comparison  of  this  number  with  one  of  the  results  of  Beayer  MshIo 
anthracite  No.  5,  that,  bulk  for  bulk,  this  artificial  coke  is  very  nearly  half  as  efficient  it  ^ 
anthracite. 
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No.  12. 

tre  of  Beaver  Meadow  anthracite  and  Midlothian  bituminotts  coal. 

mixture  here  referred  to,  was,  in  the  first  trial,  composed  of  two 
s,  or  4  cubic  feet,  weighing  218  pounds  of  average  Midlothian 
nd  eight  charges,  or  16  cubic  feet,  of  the  same  sample  of  Beaver 
w  anthracite  from  the  navy-vard,  on  which  seme  experiments  have 
r  been  detailed,  weighing  870  pounds ;  making  in  all  1,088  pounds 
lure. 

le  second  trial,  the  two  chaises  of  Midlothian  coal  weighed  217.76 
s ;  and  the  eight  charges  of  Beaver  Meadow  anthracite  866  pounds ; 
mixture  was  1,983.75  pounds.    The  anthracite  was  in  lumps  of 
1  inches  in  diameter. 

use  of  this  bituminous  coal  does  not  appesur  to  have  greatly  accel- 
the  action  of  the  anthracite ;  though,  in  both  trials,  a  charge  of  the 
v'as  laid  upon  the  grate  before  the  fire  of  wood  was  commenced, 
the  time  when  the  wood  was  withdrawn,  to  that  when  the  boiler 
steady  action  in  the  first  trial,  the  period  elapsed  was  three  hours 
ty  minutes  ;  and,  in  the  second  trial,  it  was  two  hours  and  thirty- 
inutes.  By  a  reference  to  the  table  of  deductions,  it  appears  that 
ight  of  water,  from  212^  to  1  of  the  mixed  fuel  burned,  was  8.86 ; 
from  table  XXXIX,  it  appears  that  the  same  anthracite  alone  gave 
x)unds  of  steam  to  1  of  anthracite.  The  sample  of  '^  Midlothian 
e"  coal  gave  8.29,  as  will  be  seen  on  referring  to  column  16  of  table 
III,  and  to  line  41  of  averages,  table  CXXXYII,  in  subsequent 
f  this  report. 

ill  be  remarked  that  all  the  trials  on  mixtures  were  made  in  the 
periods  of  experimenting,  when  the  chimney  was  but  41  feet  high, 
R  draught  was  consequently  much  inferior  to  what  it  afterwards 
3  by  the  addition  of  22  feet  But  they  are  still  comparable  with 
ther« 
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TABLE  XLIX^MIXED  COALS— |  Mtbwmi 

i 

fr 

? 

' 
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1 
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1. 
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1^ 
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II 

V. 
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1 
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"C 
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■5 

^ 
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5_ 

^ 

n 
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m 
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> 
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April  IT 

1.  M. 

7,35 

S9 

108 

140 

60 
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39.S6 

a.w 

im 

9.30 

M 

116 

s«o 

60 

19i 

29.8b 

0.15 

IU.X5 

68 

Ifi6 

aio 

t)0 

'JM 

29.87 

O.I59 

9.00 

U.IC 

Iff 

11.00 

68 

- 

136 

a-ij 

6u 

2^ 

iS.b7 

o.mi 

8.96 

o.r. 

- 

lift 

o'.od 

69.5 

I4B 

33M 

58 

336 

SS.88 

0.166 

8.94 

n.a 

500 

in 

D.30 

69. S5 

156 

358 

58 

ii^ 

39.87 

0.173 

8.86 

U.3U 

690 

ut 

1.3U 
3.15 

69.5 

"es"' 

- 

na 

250 

67 

2^ 

- 

39.B7 

0.175 

8.84 

0.30 

a.w 

640 
870 

w 

soo 

25<l 

'25a 

23f. 

"sk' 

238 

330 

"as!  87 

0.173 

'b'ts' 

8.86 

!!^ 

b'.iii 

'isw' 

3 

4.00 

69^5 

290 

81* 

58 

2i9 

W9.8H 

0.179 

8.80 

0.18 

3270 

wa 

iAO 

68.6 

3^4 

360 

5W 

2i9 

39.85 

0.163 

8.76 

o.« 

2779 

HJ  ! 

bAh 

68 

S60 

278 

58 

339 

29.87 

0.180 

8.T9 

0.21 

3370 

6.00 

66 

370 

376 

58 

3* 

29.85 

0.179 

8.80 

o.es 

35SS 

6.40 

66.5 

- 

375 

2S8 

58 

22- 

" 

29.85 

0.183 

e.76 

A.aa 

4380 

»> 

'eiwi 

'ea'" 

'330 

305 

60" 

"m 

"ssias 

h'.m 

'SM 

also 

■5365' 

9.15 

- 

- 

- 

- 

- 

- 

6735 
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6.30 

51 
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£2 

310 

- 

».9fl 
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0.13 
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=  4k,  45m.;  corI  sapplied  lo  the  e», 
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TABLE  h MIXED  COALS— i  midlotbuji 
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t2 
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1 
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m 

i& 

5. 

30.15 

0.90 

108.'!: 

9.15 

47 
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5a 
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_ 

losrsi 

S.30 

17 
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52 
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IS 
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53 
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TABLE  Lt— DEBUCnOl 

Experiments  on  mixed  coal — tme^J^lk  MuBoOm 


Nature  of  the  data  furnislied  by  the  rcspe^tiTe  table*. 


1«  Trial. 
(TflUtXLJX) 


adTriiL 
(WfeL) 


1 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 
29 
30 
31 
32 
S3 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 

44 

45 
46 
47 


L 


T<Ma]  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours         ... 
Area  of  grate,  in  sauare  feet        .  -  -  • 

Area  of  heated  surtace  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weiffht  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  aAer  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler  ■    - 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of^  water  supplied  at  the  end  of  experiment,  to 

restore  level     -  .  -  -  -  - 

Deduction  for  temperature  of  water  supplied  at  the  end  of 

cxi)eriment,  in  pounds  .... 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Poimds  of  water  per  square  foot  of  heated  surface,  per 

hour,  by  one  calculation  .... 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations    ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action    ----- 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  .  -  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure. 
Mean  temi)crature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       ... 
Mean  niunber  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-sauge,  in  inches 
Mean  temperature  of  dew  point,  by  calcuuition. 
Mean  g^ain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in 

cistern  ...... 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern      -  -  -  .  . 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  mixed  fuel  .  -  .  .  . 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  ineh,  above  atmosphere 
Condition  of  the  air-plates,  at  the  fUrnace  bridge 
Incbea  opening  of  damper,  (U.  upper)    -  .  . 


J%rtfl7. 

S9.916 
4.75 
16.S5 
377.5 
91.66 
10.0 
1088.0 
1020.  S5 
67.75 
54.4 
84.04 
5.171 
8.7303 
5.0559 
57.819 
8024.0 
58O.0 

1289.0 

185.0 
826.15 
13.99 

9.188 

9.178 

7.683 

8.543 
8.1348 

68».386 

9590.89 

255<'.64 

2280.64 

66O.0 

29.865 
8.839 
0.176 
0.2166 

1840.434 
27O.0 

7.7128 

8.866 
489.31 

9.7141 
1.4199 
6.1909 
Removed. 
U.      19 


23.5 
6.166 

16.35 
377.5 

21.66 

10.0 
1063.75 
1029.75 

54.0 

54.1675 

105.318 

Bm 

904 
4.7711 
52  819 
82950 
520.5 

9680.0 

398.0 
651.04 
10.416 

1.7S46 

2.66& 

7.66B 

6.181 
8  1506 

50^.35 

9740.6 
9850.9 
9290.6 
48O.0 
30.156 
8.506 
O.S07 
0.2555 

2940.9S 
560.3 

7668 

8.8S54 
479.85 

9.73S5 

1.4531 

6.6tt 
RoBOvsd. 

U.     19 
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[  TABLES  XUX,  L. 


««•• 


ff.fff»(M|f]|fM- 


875 

2937 

679 

826 

6851 

9132 

3155 


595 

818 

6652 


6755 

362 
1428 


71 

n 


343 
65 

0904 
8607 


7248 
4361 
4411 


llie  period  of  steady  action  in  the  first  trial  is,  periiaps,  mdier  less  tlian  that  hers 
indicated.  A  good  deal  of  uncertainty  neeessaiuy  exists  as  to  the  lelatioii 
between  the  cfuantity  of  coal  on  the  grate  and  the  water  evaporated,  at  any 
assumed  period  of  the  experiments ;  and.  consequently,  in  regard  to  the  d»* 
ductions  dependent  on  those  elements  of  the  calculation. 


No  obserrations  on  the  wet  bulb  thermometer  were  taken  at  the  period  of  thesi 
experiments. 


The  dose  approximation  of  the  two  numbers  in  this  line  intimales  the  degree  of 
reliance  which  may  be  placed  in  the  results  ibr  praedcal  purposes. 
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No.  13. 
Mixture  of  Beaver  Meadow  anthracite  and  Oumberbmd  biiumhum 

This  mixture  was,  for  the  first  trial,  made  up  of  iSril.lS  pounds  of  G 
berland  coal,  taken  from  a  quantity  in  use  in  the  navy-yardy  and  ^ 
pounds  of  Beaver  Meadow  anthracite,  of  the  same  sfunide  which  ba 
been  referred  to  in  preceding  experiments. 

In  the  second  trial,  the  Cumberland  coal  weighed  204.6,  and  them* 
thracite  867.75  pounds.      The  moisture  in  the  Cumberland  coal 
found  by  trial  to  be  2.12  per  cent. 

In  each  case  a  charge  of  anthracite  was  placed  on  the  grate  befen 
kindling  the  fire  with  wood ;  the  only  advantage  of  which  was,  that 
bed  of  warm  anthracite  was  prepared  on  which  to  commence  firing 
the  mixed  coal  when  the  steam  was  up,  and  the  wood  had  been  wii 
drawn. 

The  mixture  of  these  two  coals  appears,  by  a  mean  of  the  two 
to  have  brought  the  boiler  to  steady  action  in  two  and  a  quarter  hi 
and  therefore  to  have  been  greatly  superior  to  the  anthracite  alone  in 
particular,  as  the  latter  took  5.08  hours  for  that  purpose.  By  a  refeience 
to  the  table  LIV  of  deductions^  it  will  be  seen  that  the  steam  from  212^  t» 
1  of  this  mixed  coal  was,  on  an  average,  9.18;  while  for  this  Beaver 
Meadow  anthracite  alone,  it  was  9.079.  From  this  statement,  it  is  evident 
that,  by  the  mixture  of  coal  of  low  bituminousness  with  the  anthracits 
in  question,  a  considerable  increase  of  activity  in  the  fire  takes  place,  with 
an  augmentation  of  the  total  evaporative  power. 

When  a  coal  of  high  bituminousness,  like  the  Midlothian  of  Yirginia, 
is  mixed  with  anthracite,  the  coking  of  the  former  material  agglutinate 
together  not  only  its  own  masses,  but  also  those  of  the  anthracite,  com- 
ing up  the  surfaces  of  the  latter,  and  preventing  the  easy  access  of  air. 
For  this  reason  the  fire  becomes  sluggish  in  its  action  ;  but,  with  a  free- 
burning  bituminous  coal,  like  that  of  Cumberland,  the  lumps  scarcely 
cohere  together  in  coking,  and  still  less  do  they  adhere  firmly  to  the  an- 
thracite. And,  as  the  bituminous  part  of  the  mixture  comes  quickly  to  a 
state  of  ignition,  it  aids  considerably  the  heating  up  of  the  anthracite  to 
the  temperature  at  which  its  combustion  can  commence.  This  accounts 
for  the  more  prompt  and  vigorous  action  of  the  mixture  now  under  con- 
sideration, than  of  that  previously  presented.  Each  ingredient  of  tba 
mixture  appears  by  the  experiments  to  retain  its  distinct  evaporative 
power ;  the  Beaver  Meadow  anthracite  alone  being  rather  more  efficacioua 
than  its  mixture  with  Midlothian,  and  rather  less  so  than  that  with  the 
Cumberland  coal. 

It  appears  that  on  the  first  day's  trial  the  mean  weight  of  a  cubic  ftot 
of  the  mixture  was  55.412  pounds  ;  but  on  the  second  only  53.612  pounds- 
The  anthracite  separately  weighed  55.406  on  the  first  day,  and  64.812  on 
the  second.  This  difference  would  be  fully  accounted  for  by  supposing 
that  the  anthracite  used  on  the  first  day  was  from  the  Beaver  Meadow 
mine  No.  6,  and  that  employed  on  the  second  from  slope  No.  3 ;  si?^ 
from  the  tables  at  pages  45  and  61,  it  appears  that  those  two  varieties  diff^ 
from  each  other  by  rather  less  than  2  pounds  per  cubic  foot;  the  fonn^' 
weighing  the  most  and  possessing  the  highest  evaporative  power.  FV^ 
the  table  LIY  of  deductions,  relative  \o  \X\^  xEix\.\vt^  wo^  under  considtf*' 
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D,  it  likewise  appears  that  the  first  experiment  afforded  a  result  in  evap- 
Hive  power,  as  seen  in  lines  40,  41,  and  43,  superior  to  that  of  the  sec- 
|1;  and  this  superiority  amounts  to  about  2  per  cent. — an  amount  very 
My  agreeing  with  the  superiority  of  the  anthracite  of  slope  No.  5  over 

ffom  Wo.  3. 

is  worthy  of  notice,  that  on  the  second  day's  combustion  the  differ- 

of  temperature  between  the  steam  and  the  escaping  gases  was  9.5^ 

;r  ihau  on  tlie  first  Jay. 
iM  to  the  rapidity  of  evaporation,  line  21  of  the  table  shows  that  on  the 

trial  13.37  cubic  feet  of  water  were  supplied  to  the  boiler  per  hour, 
'on  the  second  13.56 ;  while,  with  the  anthracite  alone,  it  is  seen  by  table 
IX,  that  the  rate  of  evaporation  with  the  same  size  of  grate  and  the 
Be  height  of  chimney  was  but  11.142  cubic  feet  per  hour  when  using 
I  first  variety  of  anthracite,  and  7.709  for  the  second.  Hence  the  ave- 
fe  gain  of  activity  by  the  mixed  fuel  over  the  anthracite  is  4.04  cubic 
rt  per  hour,  or  nearly  43  per  cent  By  table  LI,  it  appears  that  the  ave- 
ge  rate  of  evaporation  by  the  mixture  of  anthracite  and  Midlothian  coal 
■■  11.818  cubic  feet,  and  that  the  gain  on  the  anthracite  alone  was, 
Ciaeqaently,  2.393  cubic  feet,  or  20.6  per  cent. 
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Nature  of  the  data  ftmiahed  by  the  reqwctive  tablet. 
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Total  duration  of  the  experiment,  in  hoora 
Duration  of  ateady  action,  in  boon        •  • 

Area  of  nate,  in  >Q|>uure  feet       -  •  . 

Area  of  heated  turmoe  of  boiler,  in  aquare  feet  • 
Area  of  boiter  expoaed  to  direct  radiation,  in  square  fbet 
Number  of  chargea  of  coal  supplied  to  gnte 
Totel  wetffht  of  coal  supplied  to  Rata,  in  pounds 
Pounds  of  coal  actually  coosumra 
IHHinds  of  coal  withdrawn  and  separated  after  trial 
Mean  m-eisht,  in  pounds,  of  one  cubic  fool  of  coal 
Pounds  or  coal  supplied  per  hour,  during  stcsidy  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  m*aste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  i»f  clinker  to  the  total  waste,  per  cent. 
Total  pounds  d  water  supplied  to  tne  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pbunds  of^  water  supplied  at  the  end  of  experiment,  to 

restore  leTel    ------ 

Deducti^in  for  temperature  of  water  supplied  at  the  end 

of  experiment,  in  pounds       -  •  -  • 

PckuiHin  of  water  CTaporatcd  per  hour,  during  steady  action 
Cubic  Afet  of  water  per  hour,  during  steady  action 
Plmttd:^  of  water  per  square  foot  of  heatnl  surflice  per 

hour,  by  one  calculation         .  .  .  « 

I\Himls  vU*  water  per  square  foot,  by  a  mean  of  seyeral 

itltsenratKHia    -  -  -  -  - 

Water  rva^KHrated  by  1  of  coal,  from  initial  temp,  (a) 

liiMl  result       ---.-• 
WAurr  evafKtrated  by  1  of  coal,  from  initial  temp,  (b) 

Uurutg  steady  action   -  -  -  -  - 

IVuiida  of  fuel  eraporating  one  cubic  foot  of  water 
Me«ii  lenipemture  of  air  entering  below  ashpit,  during 

•ceady  (wessure  -  -  -  -  - 

MetMi  ieui(v  of  wet  bulb  thermom.|  during  steady  pressure. 
\le«ii  lemitmiure  of  air,  on  arriving  at  the  grate 
Mrdu  tein(tenuure  of  gases,  when  arriving  at  the  chimney 
Mean  teiii(«erature  of  sieam  in  the  boiler 
Mean  temi^erature  of  attached  thermometer 
Mean  hei^t  of  barometer,  in  inches      -  -  - 

Mean  nural^r  of  n^umee  of  air  in  manometer  - 
Mewii  bright  of  mercury  in  manometer,  in  atmospheres 
Me«ai  height  of  water  in  syphon  draught-gau^,  in  inches 
M««ii  iem|«eratuw  of  dew  point,  by  calculation  - 
Mean  ipun  iX'  trm|«erature  by  the  air,  before  reaching  grate 
Mraii  dillfiMTiK<f  betwven  steam  and  escaping  gases 
SVaier  to  1  ot'  v^>al,  corrected  for  temperature  of  water  in 

oUtem  ...--- 

Water  lo  I  of  coal,  from  919^,  corrected  for  temperature 

*MI*  ^ater  in  eisteni      .  -  -  -  - 

IVunda  of  water,  trxvm  919=*,  to  1  cubic  foot  of  coal 
Waier,  iVtun  919-%  to  1  |H>uiMi  of  combustible  matter  of 

the  l\irl  ..---- 

M«^ii  pretMure*  in  atnuv4theres,  above  a  vacuum 
NIrMii  preMure,  in  |HUinds  (ler  so.  inch,  above  atmosphere 
K  \muIiIuui  of  the  air-plates,  nl  the  furnace  bridge 
Ihvlnm  ti|irning  of  diuiiper,  (U.  upper)  -  -  - 
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Ihmnoits,  andfouT'fifihs  Beaoer  Meadow  anihraciii* 


AfengeSt 


Remarks. 


53.25 

54.5125 

137  645 
7.9847 
8.1766 
3.0871 

37.3585 


64SO 
13.472 

3.23 
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6791 
7.8564 


«8o.86 


r     0.2622 
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9.9973 
1.4^ 
iC347 


The  coal  at  the  first  trial  appears  to  hare  been  supplied  more  rapidly  than  it  was 
consumed  for  a  considerable  part  of  the  time,  leaying  a  heavy  oed  upon  the 
grate, 


The  errors  liable  to  occur  in  the  estimation  of  the  water  evaporated  per  hour 
during  steady  action,  are  much  less  than  those  which  may  exist  in  regard  to 
die  weight  of  coal  actually  consumed. 


The  time  designated  for  the  commencement  of  steady  action,  in  the  first  trial,  isob> 
▼iously  somewhat  too  early :  an  hour  later  might,  with  greater  approach  tD 
certainty,  have  been  assigned.  At  that  time  the  sixth  charge  was  on.the  grate. 


The  difference  in  this  line  between  the  two  trials  will  be  found  accounted  fot^  mm 
eondderable  measure,  by  the  greater  proportion  of  waste  in  the  second  than  in 
the  first  trial. 
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Remarks  on  the  foregoing  table. 

It  appears  that  the  anthracites  proper  weigh,  on  an  average,  53.35 
Unds  per  cubic  foot ;  and,  consequently,  require  42  cubic  feet  of  space 

stow  1  ton.  The  natural  coke  of  Virginia  requires  48,  and  the  arti- 
ial  coke  from  Midlothian  and  from  Cumberland  coal  an  average  of  69.7 
bic  feet,  to  accommodate  the  same  weight.  Under  the  head  of"  evapo- 
ion,"  it  will  be  observed  that  the  average  effect  of  1  pound  of  anthracite 
is  to  convert  into  steam,  from  water  at  212^,  9.565  pounds. 
The  last  two  columns  of  the  above  table  are  devoted  to  an  exhibition 

the  reductive  power  of  the  several  coals  when  tested  by  the  method  of 
s  celebrated  French  chemist,  M.  Berthier.  The  present  occasion  may 
'ord  a  suitable  opportunity  to  state  the  precautions  which  were  observed 

conducting  the  experiments  on  this  subject.    The  coals  in  their  raw 
ite  were  reduced  to  an  impalpable  powder.    A  separate  experiment  was 
ade  to  ascertain  the  quantity  of  moisture  which  they  contained  ;  and 
en  on  another  portion,  also  in  the  raw  state,  the  trial  with  litharge  was 
lade.    The  powder,  generally  not  exceeding  20  grains,  was  very  inti- 
lately  mixed  with  about  forty  times  its  weight  of  good  English  litharge, 
id  placed  in  the  bottom  of  a  clean  Hessian  crucible,  of  such  capacity 
lat,  when  the  mixture  was  covered  with  500  or  600  grains  of  pure  lith- 
"ge,  it  was  not  more  than  half  filled.     The  crucible  thus  charged  was 
laced  on  a  brick  support  in  the  centre  of  the  small  furnace  L,  (fig.  2, 
late  u,)  in  which  the  fire  had  been  previously  lighted,  and  suitably  cov- 
led  to  prevent  the  danger  from  particles  of  combustible  matter  falling 
ilo  it.     The  heat  was  gradually  brought  up  to  redness,  at  which  it  was 
iaiatained  for  some  ten  or  fifteen  minutes,  or  until  the  ebullition  of  the 
ttss  had  nearly  abated.     The  heat  was  then  pretty  rapidly  augmented 
Dtil  all  the  litharge  resting  above  the  charge  was  in  complete  fusion ;  at 
hich  it  remained  a  few  minutes,  to  allow  so  much  action  on  the  silica  of 
e  crucible  as  to  facilitate  th^  subsequent  detachment  of  the  button  of  lead 
•m  the  unreduced  oxide,  as  well  as  from  the  crucible  itself,  and  to  ob- 
ite  error  firom  the  intermixture  and  adhesion  of  litharge.    Wherever 
;re  was  reason  to  believe  that  an  imperfect  result  had  been  obtained,  a 
letition  of  the  experiment  was  resorted  to.     It  is  obvious  that  all  com- 
isoiis  of  this  method  of  determining  heating  powers  with  the  practical 
B  by  evaporation,  ought  to  be  made  after  deducting  the  proportion  of 
ste  or  incombustible  matter  from  the  total  weight  of  coal  submitted  to 
d  in  each  case.     If  we  compare  the  numbers  in  the  column  which 
iks  the  production  of  steam  to\  of  combustible  matter  from  212^  with 
me  found  in  the  last  column  of  the  table,  we  have  the  following  order, 
lich  shows  how  far  the  method  of  Berthier  coincides  in  its  indications 
ii  the  operations  of  the  steam-boiler : 

Steam  to  1  of  combustible.       Lead  redoced  to  1  of  combudUblf . 

NachMoontaiB     -  -  -10671  33.492 

''oreM  Improvement  -  -       10  807  33.392 

sjkeu*s  TzWey       -  -  -        10  788  32.603 

.^kawaona  -  -  -        10.764  33.532 

leaver  Meadow  No.  5  -  -        10.592  33.289 

^▼er  Meadow  No.  3  -  -       10.463  32.415 

[amralcoke  -  -  -       10.389  32.491 

«eiijh  anUiraclte  -  -  -         9.626  28.924  i 

(obseqaent  •eomparisons  will  add  much  information  to  that  above 
wywu 
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CLASS  IL 


FREE- BURNING  BITUMINaUS  COALS   OP  MARTLAND  AND  WRNVBYhY ilOL. 


SAMPLED 

Maryland  coals-. 


No.  1.  New  York  and  Maryland  Mining  Campoof 

2.  Neff's. 

3.  Easby's  "coal  in  store." 

4.  Atkinson  and  Tiempleman's. 
6.  Easby  and  Smith's. 

6.  Cumberland,  (navy-yard.) 

Pennsylvania  coals^ 

7.  Dauphin  and  Susquehanna. 

8.  Blossburg. 

9.  Lycoming  creek. 

10.  Quin's  run. 

11.  Karthaus. 

12.  Cambria  county. 


General  cliaracters. 

In  specific  gravity,  coals  of  the  free-burning  class  fall  a  little  below  tbis 
anthracites,  ranging  from  1,28  to  1.44.  Their  mean  weight  per  cubic  i)ot 
is,  however,  only  two-thirds  of  a  pound  less  than  that  of  the  first  class. 
As  they  contain  but  a  small  portion  of  matter  to  be  vaporized,  they  soon 
come  to  the  temperature  of  full  ignition.  The  considerable  increase  of 
volume  which  they  take  in  coking,  favors  the  subsequent  rapid  and  effec- 
tive combustion  of  their  fixed  carbon.  In  some  cases,  especially  when 
brought  very  gradually  to  ignition,  their  masses  of  coke  scarcely  coheie, 
and  the  original  forms  of  their  lumps  are  in  a  measure  preserved. 
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No.  1. 

Bituminotis  coal  from  the  New  York  and  Maryland  Mining  Company. 

This  sample  was  accompanied  by  a  letter  from  Mr.  Heary  Moms^  of 
which  the  following  is  a  copy  : 

"  Washington,  December  30, 1842. 

"  Sir  :  I  am  requested  by  William  Young,  esq.,  president  of  the  New 
York  and  Maryland  Mining  Company,  to  forward  to  the  navy -yard  at 
Washington  four  casks  of  coal,  marked  Nos.  1,  2,  3,  and  4.  I  herewith 
send  them.  Nos.  1,  2,  and  4,  are  intended  to  be  tested  by  Professor  John- 
son in  evaporating  water,  so  as  to  determine  their  value  for  the  steam  ves- 
sels ;  No.  3  to  be  tried  in  the  anchor  and  cable  shops,  to  determine  its  value 
compared  with  other  coals  for  smith's  use  generally. 

Very  respectfully,  your  obedient  servant, 

"  HENRY  MORRIS. 
'^  Captain  Kennon, 

^^  Commander  of  the  yardy  Washing ton.^^ 

This  coal  was  of  the  kind  commonly  denominated  '^  Cumberland  coal,'' 
derived  from  the  extensive  coal-trough  lying  a  few  miles  to  the  northwest 
of  the  town  of  Cumberland,  Allegany  county,  Maryland. 

Its  exterior  characters  are — a  structure  varying  from  slaty  to  columnar; 
its  color  a  dull  or  shining  deep  black,  according  as  the  former  or  the 
latter  portions  are  regarded. 

The  surfaces  of  fresh  fractures  are  sometimes  striated.  An  efflorescent 
sulphate  of  iron,  in  very  thin  lines,  is  occasionally  discernible.  The 
main  cleat,  or  parting,  is  at  right  angles  to  the  surface  of  deposition,  and 
extends  frequently  through  the  slaty  as  well  as  the  columnar  portions. 

The  columnar  portions  are  much  more  friable,  less  dense,  and  more 
free  from  earthy  matter,  than  the  parts  which  exhibit  a  slaty  structure,  as 
will  be  more  particularly  demonstrated  in  regard  to  another  sample  of  coal 
from  the  same  district. 

The  specific  gravity  of  two  specimens  from  this  sample  was  found  to 
be  1.438  and  1.424 ;  the  mean  of  which  (1.431)  gives  the  calculated  weight 
per  cubic  foot  in  the  mine  89.435  pounds. 

Twenty  experiments  in  measuring  and  weighing  chafees  of  two  cubic 
feet  each,  ^ve  a  mean  weight  of  53.7  pounds  per  cubic  root.  Hence  the 
actual  weight  per  cubic  foot  in  the  merchantable  condition  is  0.6004  as 
great  as  the  calculated  weight  in  the  mine. 

On  consulting  the  columns  under  the  head  "  weight  of  charges  of 
Oiol^^  it  will  be  seen  that  the  variation  in  the  weight  of  two  cubic  feet 
was,  according  to  size  of  lumps,  from  96.75  to  118.25  pounds ;  the  mean 
of  which  is  107,  or  63.5  pounds  per  cubic  foot. 

It  will  commonly  be  observed  that  the  greater  weights  are  given  when 
a  considerable  portion  of  fine  coal  is  mixed  with  the  lumps.  Such  will 
in  general  be  found  as  an  efifect  of  giving  the  <<  average"  sizes  to  coal,  in- 
steaid  of  its  being  measured  and  weighed  entirely  in  lumps.  This  wiU  be 
more  fully  evinced  hereafter. 

The  space  reauired  for  the  stowage  of  one  gross  ton  of  this  coal  will 
be  41.71  cubic  &et. 
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The  moisture  found  in  th«  first  of  the  above  specimens  was  bat  0.8(13, 
and  in  the  second  2.77  per  ceaL  In  an  experiment  on  2S  ponuds  dri^ 
in  the  steam  apparatus,  the  loss  was  1.786  per  cent.;  which  may,  therefore, 
tie  safely  assumed  as  the  weight  of  water  in  100  pounds  of  this  coat,  ^a 
some  months  repose  under  cover,  and  in  a  moderately  dry  situation. 

In  addition  to  the  moisture,  the  volatile  matter  at  redness  was  foimd  to 
be  in  the  first  specimen  12.902,  and  in  the  secdnd  11.65 ;  oi  the  total  vtd- 
atile  matter  of  the  former  was  13.705,  and  of  the  latter  14.44. 

By  complete  incineration,  the  first  left  of  a  light-gray  ashes  18.93,  and 
the  second  18.318.  Hence  the  composition  of  the  two  specimens  nnf 
be  stated  as  follows  : 


BpMimsD  .. 

Sp.clm.n 

Moisture 

0.803 

2.570 

Tolatiie  combustible  matter  - 

-       12.902 

ll.li50 

Earthy  matter 

-    lasso 

18.318 

Fixed  carbon 

-      67.365 

67.262 

100^ 100. 

Ratio  of  volatile  to  fixed  combustible  =  1  to  5.222,  and  1  to  5.773. 

In  burning  2127.75  pounds  of  this  coat,  there  were  obtained  in 
280.677  pounds  of  waste,  of  which  155.75  weie  ashes  intermixed  n 
minute  fragments  of  coke,  and  124.927  were  clinker;  or  the  latter  i 
44.5  per  cent,  of  the  total  waste;  and  the  mean  of  the  latter,  compared 
with  the  weight  of  coal  consumed,  is  13.19  per  cen'.  This  result  difiets 
widely  from  that  obtained  from  the  two  specimens  above  described ;  bat, 
on  reference  to  the  two  following  tables,  in  which  the  experiments  ob 
combustion  are  detailed,  it  will  be  perceived  that  they  present  eno 
greater  discrepancies  between  themselves.  From  the  first  trial,  it  appem 
that  the  per  centage  of  waste  was  17.903,  and  from  the  second  only  7.514. 
During  the  second  trial,  was  burned  the  residue,  after  portions  hod  been  ■ 
taken  to  the  anchor  and  chain  shops  from  the  hogshead  which  had  been 
designated  by  the  letter  above  cited  for  trials  on  working  iron. 

From  this  it  appears  that  the  coal  of  this  cask  was  mnch  more  fiw 
from  earthy  matter  than  that  of  the  others.  The  specimens  above  ana- 
lyzed were  taken  from  one  of  the  other  casks. 

On  reincinerating  a  portion  of  the  ashes  obtained  from  the  two  trials, 
they  were  found  to  have  contained  13.27  of  their  weight  of  carbon.  The 
cinder  gave  no  reduction  of  weight  by  a  like  treatment.  Hence  it  ^ 
pears  that  the  waste  was  really  made  up  of— 

Ashes        •  •        136.095  pounds  =  6.349  per  cenL  of  the  coaL 

Clinker     -  -        124.927        "        6.870         « 

Carbon     -  -         20.676        «        0.971 

The  clinker  is  in  large  spongy  masses  of  a  black  or  a  deep-brawa 
color.  Portions  of  unreanced  shaly  skeletons  of  the  fragments  of  slate 
adhere  to  the  exterior.  This  large  amount  of  clinker  would  constitnte  a 
serious  objection  to  the  use  of  the  coal  under  steam  boilers.    The  paresl 

J  onions  burned  on  the  second  day's  trial  gave  3.4  pounds  of  cltDEsr  lo 
00  of  coal. 
Thfl  whes  weigh  37.79  pounds  per  cubic  foot,  and  the  cliokex  41.7S 
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0  days'  burning,  the  flues  yielded  of  soot  and  dust  8^  pounds; 
32.73  per  cent,  were  volatile  and  combustible,  and  the  rest  a 
:ritty  ash — rather  lighter  in  color  than  that  from  the  reincine- 
;  of  the  grate. 

of  this  coal  in  the  chain-shop  proved  it  to  work  remarkably  well, 
a  strong  heat  without  a  great  deal  of  flame.     Sixty  pounds  of  it 

1  sufficient  for  the  putting  in  and  finishing  of  20  links  of  a  If , 
— a  higher  result  than  was  obtained  from  any  other  coal  tested 
ne  chain.  The  cinder  is  small  in  quantity,  and  very  little  or 
ivas  given  ofi".  The  sample  having  been  selected  expressly  for 
,  was  doubtless  more  favorable  in  its  efiects  than  would  have 
iher  portions  of  the  sample,  which,  as  above  stated,  yielded  up- 
L7  per  cent,  of  earthy  residuum,  instead  of  7.5  per  cent.,  as 
lis  cask.  In  the  anchor  shop,  it  was  found  to  work  very  clear 
r,  to  give  a  very  light  coke,  but  not  to  be  capable  of  forming  a 

at  all. 

lity  with  which  this  coal  ignites,  and  comes  to  a  uniform  rate 
ion,  is  indicated  by  the  time  occupied  from  the  commencement 
5  to  the  arrival  of  the  period  of  steady  action  in  the  boiler, 
le  first  trial  was  1.25  hour,  and  the  second  1.416  hour.  In 
y  of  unburnt  coke  withdrawn  after  the  fire  had  become  extinct, 
s  in  the  first  case  15.25,  and  in  the  second  but  5  pounds,)  we 
idex  of  the  degrees  of  facility  with  which  the  combustion  is 

ing  this  coal,  it  was  remarked  that  it  ignites  readily ;  burns 
pred  flame  of  moderate  size  ;  agglutinating  while  coking  into 
3lid  masses,  preventing  the  falling  of  fragments  through  the  in- 
*  the  grate.  The  coke  is  consumed  more  slowly  than  that  of 
bituminous  coals.  During  the  first  trial,  it  was  twice  found 
to  remove  a  stratum  of  clinker  from  the  grate,  as  the  combustion 
ipeded.  On  the  second  trial,  when  the  purer  coal  was  used, 
lient  was  unnecessary — the  fire  continuing  sufficiently  active 
;day. 

>y  litharge,  specimen  b  (of  which  the  specific  gravity  and  the 
purity  were  less  than  in  the  case  of  a)  gave  but  24.775  times 
t  of  the  coal  in  metallic  lead.  But,  as  there  were  18.318  per 
rthy  matter  in  this  coal,  the  truly  combustible  portion  was  only 
Is  m  100;  and  dividing  the  above  weight  of  lead  by  this,  we 
^31  as  the  number  representing  the  reductive  power  of  the  com- 
Atter. 
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0.93 

6847 

tifi 

4.ai 

95 

81 
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0.93 
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81 
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89 

30.11 
30.11 
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0.33 
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■% 

'm 

'm 
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O.m 
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Sep.  19 

76 

73 
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904 

78 
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79 
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0.431 
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0.15 

8(S5 

5.50 
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73 

as 

79 

„. 
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0.15 
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REMARKS.— aiaieanrfaM  1407 sqinreTMi;  lengih  of 
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s" 

"  S  ta 
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3 
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s 
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Morning  very  foggy)  &re  kinrilrd  in  small  faroace. 

- 

71.75 

65.5 

- 

- 

bk.  lan.  a.  m. 

73.8 

53 

+33 

Marte  obMrrslirins  nn  rise  orwaier  in  boiler  (rom  hear. 

u 

71.8 

64 

- 

Waid  conRUDird,  !65  IIk.;  srcond  weight  removed  UotA 
I'lunl  valve;  Kleaoi  bluw;-  ufT. 

37 

71.9 

TO 

18 
43 

1.6!HI 
1.95. 

Ash  pii  cleared  ooi,  and  conienla  ihrown  on  grale. 

■Ji's 

"•k" 

ip 

73.9 

83 
96 

43 

0.331 

i' 

■"60 

a' 188 

The  Hm,  src^ind,  ihird,  and  foarlh  ehargrs  of  eual  coD-iiil 

chieSy  of  lumps. 
Filled  taalcai  lliA.  a.  m.;  the  lifih  charge  very  diny,  wlib 

M 

74.9 

104 

46 

3.83< 

much  fioecual. 

7B.I 

130 

34 

a. an 

Wind  SW.Jiehl;  Hear. 

75.6 

lai 

43 

l.7G^ 

Placed  -JSlbi  of  this  coal  in  drying  appsrains. 

\M 

Tti.tt 

131 

41 

■i.'m 

75.8 

13G 

33 

3.08H 

Commenced  drawing  gases  at  lU.Sflm.  from  the  neir  ori- 
fice; drr*  in  25  minniM  100  cubic  inche:-,  which  gave 

\M 

76.0 

143 

54 

1.316 

wBier  1.59  grain,   earhonic  acid  5.69  grains,  oiygen 

- 

7J.6 

147 

41 

3.1-26 

The  sevenih,  eighih,  and  olnih  charges  of  coal  nearly  all 
fine. 

^ 

7fi.6 

150 

W 

2.262 

Rr-moved  clinker  from  graie. 

7B.I 

ISl 

45 

3.1« 

Commenced  drswiog  k»s*j  at  I*.  40™.  p.  m.  from  new 

77.3 

lao 

5li 

I.4W 

orifice;  drew  in  25.5  minuifs  100  ruble  inches  "h**!! 

1.11 

77.3 

IBS 

52 

3.017 

gare  wdiei  3.06  grains,  caibonic  acid  S.dS  grains,  oay- 

77.1 

163 

43 

3.401 

76.1 

lli8 

60 

I.79B 

Filled  lank  Bl  3A.  aSm.  p.  m. 

Ifi 

7B.8 

175 

39 

1.8J5 

Clinker  removed  from  graie. 

77.3 

178 

Gl 

1.775 

•» 

77.6 

186 

U 

a.ooa 

The  tenth  charge  some  lamp',  bni  chiefly  fine. 

:■' 

77.6 

1S7 

64 
40 

i'7i7 

Conleiiis  pf  ash  pit  ihrown  on  graie  at  5A.  40m. 

- 

■77;i' 

aio" 

Water  in  boiler  leA  1.2  inch  above  normal  level. 

71.8 

131 

—14 

Water  O.fl  Inch  below  normal  level ;  fire  on  grale. 

- 

TI.8 

t« 

- 

Water  in  boiler  adjusted. 

kn  behiad  bridge. . 
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1 

II 

52 
III 

if 

Is 

I! 

III 

RE.MARKS.-Gnie  surface  H,07  square  reel;  lengit  of 
ciroaii  ot  healed  ganta  191  reel;  b«ighl  ol  cfaimner63  teei. 

TI.S 

11.7 
■3.K 

■n.6 

189 
109 

97 

+11 
61 

78 

0.53J 

0.901 

1.331 
9.1U 
3.30!» 

Clear;  wind  SW.,  llghi;  waler  0.6  inch  below  oonnal 
level;  cominencad  firing;  fire  maJe  in  small  furnace. 

Wuud  conMmed  811  lbs,;  cummeoced  chatgios  wUh  coalj 
second  weight  ukea  ffouj  iralves,  and  aieaui  blows  off 
«  n.  -Jbm.  a-  m. 

Damper  selai  8  iacbRi,  sod  air  plales  opened. 

B 

74.9 
TT.2 

77.2 
76.9 
76.G 
76.6 

76.6 
76.6 
76.4 
76.* 
76.K 
71.5 
71.5 
77.1 

75.9 
76.1 
78.0 
77.9 

77.4 
78.3 

ll» 
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1-23 
133 
144 
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170 
178 

iirt 

193 

1H9.5 

90d 

406 
2(B 
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9i3 
9i6 

t|Q3 

937 
93j 
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B 

ii 

1 

76 
70 

73 
7e 

46 

77 
SI 
9(1 
«7 

71 
61 

73 

87 
79 
7S 
88 

1.875 
1.087 

Ifl 

2.46U 

s.ai5 

2.37H 
2-013 
2.  ll!'2 
i.077 
2.319 
1.791 

2.M1 
S.0'22 

1.82B 

i.8:iiH 

1.817 

a.uti 

Wind  NE.,  Ugbi;  clear;  filled  lull  ai  10«.  10m.  a.  m. 

Commenced  drawing  gases  from  new  orifice  ai  1 1*.  bm.; 

drew  in  29.5  mioaics  100  cubic  iocbes,  which  gave 

waier   1,88  grain,  carbonic  acid  6.6   grains,  oijgen 

10.309  cubic  inch^-S  lemperalare  88°. 
Clouds  flying  frum  NK.;  dew  point,  by  objervalion,  Ti"; 

by  calculaiion,  ai  same  lime  and  place,  75" .a 

Filled  lank. 

Owing  In  Ihe  very  friable  nalore  of  the  coal  consnoied  to- 
day, 11  is  nearly  all  fine. 
Wind  NE.,  brisk;  clear, 
No  clinker  remuvcd  Trom  graie  to-day. 

The  coal  ofibe  Iwo  bog>beBd3  consumed  lo-day,  appears 
much  more  friable  and  le.ss  crys  aloid  in  tbe  large 
ma-seii,  bui  of  a  more  columnot  siruclore  iniernally  ihan 
ihal  ol  ihe  iwo  consumed  yesterday;  il  shuwt  bni  Mule 
smoke  al  chimney  lop. 

Air  plaiex  closed,  and  conienU  of  ash  pii  ihrowu  on  gnle 
u  6h.  50m.;  damper  leduced  lo  3  inche*. 

Waier  in  boiler  left  lust  night  ai  0,8  inch  aioF«  noriMl 
level;  this  morning  it  is  9,4  inches  beiov  normal  lerel. 

Water  in  boiler  adjusied. 

77.8 
71.0 
71.0 

349 

lis 

144 

64 

-  9 

—  6 

- 

36.95 
3».7» 
4.00 


Kt  wood  ashefl 

1  watte  from  coal. . 


^  boninp).., 


79.74 
5.00 
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TABLE  LVm^DEmJCTIOl 

Exptrhnunis  on  Jfew  lork 


Nirir»  •>{  *^  diu  funushed  by  the  respective  tables. 


J 
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!•) 

M 
i-J 
13 
14 
13 
li> 

i: 

19 

20 

•21 

24 

25 

26 
27 

38 
S9 


31 
39 
33 
34 
35 


37 
3d 
39 
40 

41 


43 

44 
45 
4C 
47 


T  "-L  »hira::on  of  the  experiment,  in  hours 

D--.*.:.  \-.  o:"  sHAiiy  si-tion,  in  hours         -  -  - 

Arvi  y'  crvc,  in  sauare  feet        -  -  -  - 

Ar*:A  \'vf  waKii  surtaAX  of  boiler,  in  square  feet  - 

A:r4  of  boil*T  exposed  to  direct  radiation,  in  square  foct 

Number  of  charv««  of  coal  supplied  to  jsn^ie 

T.-'w'i!  srei^c  of  coal  supplied  to  fnrate,  in  pounds 

P*>uml»  rt?  Civil  actually  consumed  -  -  - 

P-undj>  itf  mal  m'ithdniwn  and  separated  aAer  trial 

Mr'jti  meiicht,  in  pounds,  of  one  cubic  foot  of  coal 

r  '  uRil«  of  I'iUiI  supplied  |>er  hour,  during  steady  action    - 

P''  jp.J*  of  coal  ycr  square  foot  of  grate  surfarx;,  per  hour  - 

T.»:;i!  Wiiste,  aslirs  and  clinker,  fn>ni  100  poundn  of  coal    - 

Pivjnds  of  clinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  wiiHle,  per  cent. 

Total  )>«>unds  of  water  supplied  to  the  boiler 

Mean  trmi>eraturc  of  water,  in  decrees  Fahrenheit 

Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment  -  -  -  -  - 

Poimds  of  water  evaporated  per  hour,  durin?  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation  -  -  -  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

ol)5er\'ations    ------ 

Water  evajKtrated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

durini^  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporatins^  one  cubic  foot  of  water 
Mean  tem))erature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  .  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  baronneter,  in  inches      ... 
Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gau^,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
McAn  niii  of  temperature  by  the  air,  before  reaching  grate 
Mean  diflference  between  steam  and  escaping  gases 
Water  to  1  of  ooal,  corrected  for  temperature  of  water 

in  cistern        •--... 
Water  to  1  of  coal,  f\rom  213°,  corrected  for  temperetare 

of  water  in  dstem     -  -  .  .  . 

Pounds  of  water,  from  212<),  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  Aid  ...... 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  so.  inch,  above  atmosphere 
Condition  of  the  au^laies,  at  the  furnace  bridge 
Inches  opemng  of  dunper,  (U.  upper)  -  .  . 


1st  Trial. 
(ToMt  LVI.) 


SepUmhtr  18. 

24.917 
8.417 

14.07 
377.5 

18.75 

10  0 
lOei  75 
1U€€  5 

15.25 

54  0875 

92  376 

6  565 
17.903 

7  4473 
41  598 

8806.0 
76^.0 

151.0 

20  0 

818  848 
13.1 

2.169 

2.183 

8.238 

8.864 
7.5857 


2d  Trial 
(ToUe  LYU.) 


89=>, 
79° 
231° 
278°. 
231°. 
84^. 
30. 
5 
0 
0. 
75°. 
142°. 
47°. 


25 

9 

6 

6 

15 

5 

1205 

132 

544 

2365 

96 

35 

06 


8.2114 

9.2956 

502.77 

11.323 
1.4464 
6  592 
Closed. 
U.      8 


StpUmkalS^ 


863.0 

106  0 
7SD927 
1*2.49 

2068 

2956 

9.118 

9.3» 
6.854( 

95r55 

268°  81 
309^9 
233°.43 
87°.  1 
30.243 
5.1543 
0.5419 
02966 
76°. 21 
173°. 26 
76°. 78 

9.08S 


546.94 

11.09S7 
14417 
6.5675 
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ATotagcs* 


10.125 
53  7003 
88.371 

6»05 
13.7065 

5.4259 
43.454 


799  887 
12.795 

11185 


8.678 

9.06 
7.2901 


IS0O.2 
SM0.25 


1.0315 

ISto.SOS 
€10.921 

6.e487 

1.7774 

1.445 
6.5797 


^1- 1 


Remarkfl. 


The  great  difference  in  the  amount  of  earthy  matter,  on  the  two  trials,  has  already 
b^sn  referred  to. 


The  difTerence  in  the  results  of  the  two  trials  is  explained  by  the  difference  in  the 
amount  of  waste  in  the  two  cases  respectively. 


The  JiiSfk€tktt  ci  JeTaponUive  efieci  of  the  coal  on  the  two  trials  in  line  41,  U 
toiAde  to  assume  an  opposite  character  in  this  linS)  by  the  deditcticm  in  eiiidi 
tiM  of  the  amount  w  tosilf  *. 


1 
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Bituminous  coal  from  Mr.  John  Neff^s  mines^  in  the  neighboriund  ^ 

Frostburgy  above  Cumberland. 

This  sample,  sufficient  for  four  trials  on  evaporation,  was  taken  fmmi 
boat-load  of  the  same  coal  delivered  by  the  proprietor,  under  a  contnet 
with  the  department,  at  the  navy-yard,Washin^n. 

In  exterior  characters,  this  coal  is  generally  similar  to  all  those  from  tiM 
same  district  which  have  been  examined.  It  was  taken  indiscriminatelf 
from  the  heap,  and  the  lumps  were  not  separated  from  the  fine  parts. 

The  larger  masses  exhibit  the  same  crystaloid  appearances  already  no* 
ticed,  with  the  occasional  occurrence  of  a  radio-striated  surface. 

The  main  partings  are  perpendicular  to  the  surfaces  of  depositioiL 
The  partings  of  "clod,"  or  carbonaceous  matter,  retaining  somethingd 
the  organic  structure,  are  pretty  abundant,  and  fractures  are  easily  made, 
which  display  the  forms  of  vegetable  impressions. 

The  specific  gravity  of  two  specimens  was  found  to  be  respectinl) 
1.3429  and  1.3221,  whence  the  mean  weight  per  cubic  foot  in  the  nm 
is  83.28  pounds. 

Forty  trials  by  measuring  and  weighing  in  the  charge-box  showed  th 
mean  weight  per  cubic  foot,  in  the  marketable  state  oT  average  finenesi 
54.287  pounds ;  or  the  weight  calculated  from  the  specific  gravity  is  % 
that  obtained  by  experiment  as  1  to  0.6519. 

The  space  required  for  the  stowage  of  1  gross  ton  is  42.126  cubic  feet 

The  extremes  of  weight  per  cubic  foot  in  the  whole  series  are  -^ 
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=  49.375,  and  —  =  58.5,  as  will  be  seen  on  consulting  the  oolam: 

of  charges  in  the  tables  of  experiments.  The  mean  of  these  two  (53.92! 
is  sufficiently  near  the  general  mean  above  given,  to  warrant  a  full  relianc 
upon  its  realization  in  practice. 

The  trial  for  moisture  in  the  steam-drying  apparatus  resulted  in  the  a 
pulsion  of  11  ounces  from  28  pounds  of  this  coal,  or  2.455  per  cent 

The  volatile  matter  of  the  first  specimen,  of  which  the  specific  gravil 
is  given  above,  was  found  to  be  14.05  per  cent,  and  that  of  the  secoii 
16.21  per  cent. 

The  incineration  of  the  same  specimens  lefl  of  the  first  11.414,  andi 
the  second  8.538  per  cent.  The  ashes  are  moderately  dense,  and  of 
nearly  flesh-red  color. 

There  were  burned  in  four  trials  4318.38  pounds  of  this  coal,  an 
withdrawn  from  the  furnace  196.25  pounds  of  clinker,  equal  to  4.6446  p 
cent.;  and  277.008  pounds  of  ashes,  equal  to  6.4106  per  cent  Hence  tt 
clinker  is  41.468  per  cent  of  the  total  waste. 

The  clinker  is  m  dark  brown,  spongy,  rather  friable  masses,  includis 
considerable  portions  of  shaly  and  other  unvitrified  materials,  which  ai 
of  a  somewhat  lighter  color  than  the  portions  which  have  undergoi 
complete  fusion,  it  does  not  adhere  to  the  grate,  or  spread  into  impeno' 
able  sheets,  like  the  cinders  of  some  other  coals  which  have  been  exao 
Ined.  It  contains  0.8%  per  cent  of  carbon.  Its  weight  in  the  charge 
box  was  found  to  be  32.12  pounds  per  cubic  foot 

The  ashes  are  of  a  reddish-gray  color,  and  weigh  37.2  pounds  per  cub 
Aot    They  contain  10.06  per  cent  of  carbon. 
Tfae  Mot  taken  fitom  the  ftuea  Q&»t  ioMt  <^^%^  Xsvxmvxx^  weighed  14GS 
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,  and  was  of  such  density  that  12.64  pounds  made  1  cubic  fi>ot. 
mbustible  portion  is  33.16  per  cent. 

Tacility  with  which  this  coal  ignites  is  indicated  by  the  times  re- 
in the  four  trials  to  bring  the  boiler  to  a  uniform  rate  of  evapo- 
These  were — 

1.416  hour  for  the  first ;  coal  in  lumps. 
2.6U0  hours  for  the  second  ;  coal  all  fine. 
1.800  hour  for  the  third ;  coal  mixed. 
1.000  hour  for  the  fourth ;  coal  in  lumps. 


em       1.679 


evident  that  the  coarseness  or  fineness  of  the  coal  has  been  an  im- 
element  in  deciding  the  promptitude  with  which  the  combustion 
ught  to  its  average  rate, 
nean  weight  of  unburnt  coke  withdrawn  at  each  trial  was  6.155 

i  chain  shop,  60  pounds  of  this  coal  were  sufficient  to  make  eight 
l||-inch  cnain.  Its  efficiency  was,  therefore,  the  same  as  that  of 
n  and  Templeman's  coal,  to  be  hereafter  described;  and  in  the 
;hop  it  worked  well,  made  a  good  hollow  fire,  but  gave  a  large 
of  cinder,  which  accords  well  with  the  considerable  per  centage 
i  drawn  from  the  steam-boiler  furnace. 

I  by  the  oxide  of  lead  resulted  in  reducing  of  metallic  lead  26.457 
e  weight  of  raw  coal  employed.  Deducting  the  ashes,  11.414  per 
3  lead  to  1  of  remaining  material  was  29.866 ;  and  deducting  farther 
le  per  cent,  of  moisture  determined  in  the  large  way,  the  lead  to 
I  combustible  is  30.717. 

I  gas*  works,  this  coal  would  be  found  to  produce  a  gas  too  small 
tity,  and  too  low  in  illuminating  power,  to  be  employed  with 

I  blast  furnace,  it  will  sustain  the  same  character  as  the  other 
fn)m  the  same  coal  region,  with  perhaps  the  exception  of  de« 
I  more  expenditure  of  power  in  reoucing  its  higher  proportion  of 
D^urities. 

Qs  a  dense  coke  very  suitable  for  smelting  iron.  An  experiment 
derable  magnitude  on  coking  this  coal  was  made  for  another  pur- 
lile  the  experiments  on  evaporation  were  in  progress.  The  evap- 
power,  ana  other  properties  of  that  coke,  have  already  been  de* 

preceding  data,  the  composition  of  this  sample  may  be  stated  as 

sture,  from  drying  28  pounds        ...  2.466 

itile  matter  other  than  moisture  (two  specimens)  -  12.676 

thy  matter,  from  4318.38  pounds   -            -            -  10.343 

ed  carbon,  by  difference    ....  74627 

latio  of  volatile  to  fixed  combustible  -  -      1 : 5.88 

erence  to  the  column  of  <<  remarks"  in  the  tables  of  experiments,  it 
lerceived  that  the  combustion  of  this  coal  caused  in  the  grate  bars 
Ql  tendency  to  redness,  and  a  consequent  liability  to  flexure  and 
nent 
13 
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REMARKS.-Graie  snifaci  14.07  pqnMe  fett;  Ifngih  o( 
dauiiof  lieaced  gates  131  leei;  heigbl  of  chimney  63 
fecL 
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90 

0.837 
2.158 

MorDJDg  clear;  wind  NW.;  water  bmiighl  to  0.36  Inch 

below  normal  level. 
Cunimeoced  tirjag;  aod  fire  kiodled  ia  small  rurnaeeal 

5A.  aSm.  a.  m. 
Wood  conpumed,  231  Ibs.j  commenced  charging  Willi 

cuati  sieim  blows  off  aiTi.5T>>. 

t3.8 

38.1 

41.1 
41.1 

«.<; 

44.3 

41.3 

47.1 
46.  S 
48.5 
47-0 
48.3 
«.8 

43.3 

113 

]i3 

137 
151 
15S 
171 

177 

xm 
\m 

304 

aofl 

313 
315 

2S4 

Filled  iiDk  ai  8*.  31n.  a.  m. 
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1.91S 
3.8il 

38lb9.  orihiacofll  was  placed  in  ihe  drying  apparalas. 
Froni  valve  double  weighLed  ai  lOA,  40«.  lo  preeeal  pil- 

FiIl'adilitikalllA.lO.i.a.m. 

Graie  ban  cherry  red. 

Sieam  allowed  lo  escape  slowly  from  front  valve;  to  pro- 
vtEi  priming,  ihe  level  or  water  in  boiler,  heresaerdii- 
linE  ihis  eipeiimenr,  kept  1  inch  below  normal  level; 
graie  bats  cuoleil  down. 

The  coal  of  this  day',  experimeni  generally  fine. 
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Cantenis  of  ash  pii  thrown  on  gfaK- 

Damper  redaceifio3int;hesaH*.0ffl.p.m.i  water  brought 

lo  0.3  inch  above  normal  level ;  partly  filled  lank  at  5*. 

55m. ;  water  in  boiler  brought  lo  0.35  inch  above  normal 

level. 
Water  0.28  inch  above  normal  level. 

Water  0.2  inch  below  normal  level. 
Water  In  boiler  adjoned. 

RESlDDi. 

.      0.8W 
.  137.97B 

.    tIo" 


IM 

Doe.  No. 

»T6 

1 

^ 

w 

1 

TABLE  CJMlfilfl 

Honr, 

TEUPKBiTCHM  OP  TBS 

5 
■3 

9 

1 
i 

■t 
D 

3 

r 

a 

\i 

t 

1 

2 

■ 

fiat. 

It 

s-s 

II 

1 

li 

•< 

a 

Is 
1° 

i_ 

1 

5 

i 

1 

s 

1 

5 

< 

Oei.  16 

«p 

47 

130 

154 

54 

172 

59 

30.00 

0.366 

6.89 

0.15 

8-05 

54 

50 

196 

968 

54 

226 

51 

29.90 

0.605 

4.5a 

0.30 
0.48 

110.1 

'aias' 

'55' 

ii 

isi 

'263 

54 

aita' 

ia" 

"i^'.r. 

'o!574 

"i'm 

y.oo 

5li 

51 

I3t 

aai 

54 

23-i 

53 

29, g: 

0.S58 

5.00 

0.40 

160 

im'i 

9.30 

5S 

53 

140 

319 

51 

333 

65 

29.90 

0.553 

5.04 

0.37 

337 

lO.UO 
18.35 

61 

55 
51 

14G 
166 

336 
315 

54 

55 

23-J 
233 

57 
69 

39.90 
29.96 

0.551 
0.541 

5.06 
6.1G 

0.38 

675 

..... 

O^M 

"liai 

il.OO 

155 

55 

I7( 

33t; 

".s 

23-2 

60 

29.9b 

0.555 

5.03 

0.38 

1476 

11.45 

M 

56 

ITil 

m 

5& 

233 

61 

29.91. 

0.655 

6.03 

0.40 

20*4 

!«.< 

0.15 

m 

58 

187 

30S 

56 

S3a 

61 

29.95 

0.54S 

S.IO 

0.39 

3364 

0.4  J 

tH 

58 

2>I6 

J7 

232 

61.5 

29.93 

0.544 

5.13 

0.38 

3612 

1C8.' 

1.15 

«i 

55 

331 

57 

23-J 

61 

29. 9U 

0.541 

5.13 

0.39 

3949 

- 

a.  00 

m 

54 

343 

57 

233 

60 

29-93 

0.549 

5.08 

0.44 

336} 

lOS.IX 

a.ao 

453 

54 

lyo. 

33( 

5- 

334 

60 

29.93 

0.571 

4.86 

0.43 

3878 

^ 

3.00 

«0 

51 

20CH 

345 

&7 

aw 

58 

29-93 

0.576 

4.63 

0.46 

4314 

"1 

3,30 

4i'i 

53 

304 

334 

57 

231 

58 

39.93 

0.574 

4-84 

0.45 

4644 

4.00 

<i3 

54 

310 

337 

57 

334 

58 

29.91 

0.566 

4.92 

0.37 

5314 

»1 

4,30 

63 

54 

217 

337 

f,^ 

234 

58 

29.93 

0.563 

4.95 

0.37 

5704 

.1 

5.00 

CI 

56 

223 

354 

b-. 

234 

58 

29.95 

0.666 

4.90 

0.39 

6203 

.•J 

5.30 

6i 

55 

234 

343 

>7 

233 

58 

29.94 

0.572 

4. 86 

0.34 

6696 

. 

G-00 
E.S5 

64 

67 
5i 

338 
348 

35-2 
320 

5- 

58 

233 
231 

58 
58 

39.95 

29.95 

0.564 

0.54S 

4.94 
6.09 

0.36 

73M 

HU 

"a'.u 

0.27 

8506 

- 

's-'ri 

iV 

« 

266 

'S4I 

J8 

339  !& 

56* 

"w.x 

'olsiii 

'sIm 

Ocl.   17 

4.15 

49 

44 

210 

194 

56 

2S4 

49.5 

29.95 

0.477 

5.78 

0.S3 

8505 

_ 

4.50 

4S 

a 

906 

194 

56 

233 

49 

39.95 

0.459 

5.96 

0,23 

8541 

- 

_ 

The  mriod  of  siesdyafiioB  from  10*.  a.  m.,  lo 
iDppW  CO  the  RfBic  in  ihal  limr.  was  7&1.75  Ito 

6*.  43m.  p.  m.,  MBbracw  7*.4»«^  ft«J| 
Mj  ihe  *»ier  W  ibe  boUer,  OmJK  «i 

Ao 

twUt 

tol 

otK 

«1,8 

.353. 

I 


Doc  No.  278. 


187 


lOEBLARS)  COAL. 


Marimi>UotMmHeg,mdnuJlJiinwti»  actum. 

\ 

1 
1 

1 

i 

k 
& 

1 

3"" 

5* 
P 

m 

m 

1! 

ill 

REMAaSS.-Otwe  tatitee  14.07  sqoift  r«ii  Ifnph  ot 
circBii  or  healed  guea  131  tecl  i  helgU  of  cliimuc;  63 
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Mamiogeleui  wind  8W.,  ligkL 

WMcr  in  boiler  0.47  inch  below  DoroMl  Icreli  eonneDced 

firing. 
Tank  psniy  filled  117*.  10*.  a,  m.;  wood  consumed,  255* 

lbs.;  cummeuced  charging  wuh  cu»l. 
Steam  allowed  Ld  Mcape,  and  air  platM  npeoHl, 
To  prevent  priroliiR,  a  temporaty  level  one  iocli  brluv  ihe 

true  aormal  lerel  will  b«  k-pi  darios  this  div'.s  opeit- 

lioi-;  second  weigbt  removed  from  back  va'lve  at  Hk. 

30»i-  a.  m- 
The  coal  burned  this  raomirig  Is  nearly  all  fine,  prodncinjt 

ai  lU*.  351..  a.  m. 
Smoke  I8".5  lO  reaching  cbimnev  lop ;  syphon  0.30. 
At  lit.  Urn.  a.  m.,  wind  NW,  lig^  overcaili  placed 

Koond  welgbtoB  back  v»lve. 

The  coal  bnmed  since  jJHh  charge  heinn  le«s  fise,  bum* 

with  mote  vipoi;  sieam  allowed  lo  escape  Itom  ba^k 

valve  by  remuvina  setond  ireinbL 
QraiebatE  cherry  red;  ttre  in  vigorous  Bclii>n;  wind  W., 

briik;  sky  overcnst. 
FMIed  lank  ai SA.  6n.  p.  m. ;  reiy  tiule  smoke  frota  cbiui- 

oey  lo-day. 
Air  plaiea  clwed,  and  corneals  or  ash  pit  thrown  on  gra1«. 

Water  in  boiler  left  1  inch  above  trae  normal  level:  ol 

e*.  In.  p.  m.,  waier  U.33  inch  below  normal  level. 
Waler0.4iacb  above  normal  level. 

Waler  0.07  inch  ebjve  normal  level, 
Waier  in  boiler  adjusted. 
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103 

103 
130 

no 

119 

"so" 

10.5 

-30 
-98 

2.070 
a.  193 
1.936 

I. mi 

1.314 

L183 
3.69V 
3.3.fi 
1.7J8 
3.019 

3.59>> 

3.638 

9.114 
3.1S8 

43  » 

ea  iff 

5  906 
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TABLE  LSli-4XlV% 

13  MCftllOMili 


TKMPEBATUBBS  OF  THE 

<> 

a 

• 

•8 

MM 

1 

• 

0 
a 

mm 

a 

g: 

Q 

Date. 

Hoor. 

s  . 

a 

0 

S 

• 

• 

a 

M 

• 

S 

0 
a 

1 

-1 

<a  a 

11 

9 

u 

5^ 

\ 

• 

4i 

s-s 

60 

a 
2 

1 

!-• 

1 

»-  - 

a 

«i 

*i 

i 

1-  • 
O 

C  Si 

<5 

a 

3 
0 

a 

%m 

a 

i 

q5 

|2 

< 

0 

0 

.SP 

a 

0 

0 
• 

0  0 

'S 

0 

A 
M 

• 

Oct.  17 

A.  M. 

5.30 

49 

14 

193 

18^ 

56 

221 

49 

29.94 

0.444 

6.11 

0.23 

• 

6.13 

4H 

44 

174 

261 

56 

230 

49.4 

29.94 

0.558 

5.00 

0.31 

„ 

104. 

6.30 

48 

44 

173 

22^ 

56 

230 

50 

29.93 

0.542 

5.17 

0.32 

^ 

« 

7.00 

18 

44 

170 

265 

•  V  0  • 

56 

#  s  •  • 

2-29 

49 

29.93 

0.533 

5.dl 

0.33 
0.42 

161 

117. 

rso* 

8.15 

V    #    ■    • 

48.5 
52 

45" 

49 

•  •  •  • 

171 

178 

333 
371 

56 
53 

9999 

233 
233 

•  •  •  • 

48 
49 

'29.'9i 
29.94 

'6.'57i 
0.566 

'i.'s?' 

4.92 

• 

'o.'ir 

"749' 

98. 

8.45 

54 

49 

\m 

376 

53 

•233 

50 

29.94 

0.576 

4.82 

0.43 

1093 

• 

9.15 

58 

50 

193 

385 

53 

23. 

52 

29.94 

0.569 

4.89 

0.43 

16n 

101 

9.30 

58 

50 

198 

373 

53 

23*2 

53 

29.94 

0.558 

5.00 

0.40 

2n04 

m 

10.10 

57 

19 

204 

37H 

53 

23i 

54 

29.94 

0.575 

4.83 

0.44 

2445 

115. 

10.30 

60 

50 

209 

365 

53 

231 

54 

29.91 

0.569 

4.89 

0.43 

2935 

110. 

11.00 

HI 

51 

21<> 

352 

53 

232 

55 

29.95 

0.566 

4.92 

0.3» 

3605 

. 

11.30 

65 

51 

224 

358 

53 

232 

56 

29.95 

0.563 

4.95 

0.40 

4025 

109.1 

p.  M. 

0.00 

62 

52 

228 

3b3 

52 

233 

56 

29.94 

0.576 

4.82 

0.44 

4453 

0.30 

^4 

53 

228 

36H 

52 

233 

57 

29.9:i 

0.572 

4.86 

0.42 

4880 

109. 

1.00 

65 

55 

232 

356 

52 

232 

57 

29.92 

0.5t;6 

4.92 

0.41 

bM 

1.30 

H4 

54 

237 

380 

52 

23, 

57 

29.91 

0.576 

4.82 

0.39 

6197 

Ill' 

2. CO 

65 

54 

24r> 

3:)-2 

55 

233 

57 

29.90 

0.584 

4.74 

0.38 

6197 

2.30 
3.00 

t>8 
66 

56 
55 

246 
253 

385 
341 

55 
54 

232 
232 

58 

58 

29.90 
29.90 

0.5*s0 

o.57t; 

4.78 
4.82 

0.35 

6b39 

103! 

•  •  *  * 

'6. '35' 

0.36 

7264* 
7937 

iiao' 

•  •  •  • 

')6 

9  u  9  % 

54 

•  #  #  # 

9:)4 

'316 

55' 

231 

58*' 

'29.89 

*0.'562 

4!95* 

4.20 

t>6 

54 

251 

2H7 

55 

230 

59 

89.^9 

0.547 

5.10 

0.30 

8-267 

5.00 

61 

51 

250 

261 

54 

229 

60 

29.89 

0.535 

5.23 

0.27 

8437 

7.30 

56 

49 

236 

225 

55 

229 

56 

29.92 

0.537 

5.19 

0.25 

8522 

Oct.   18 

A-  U, 

5.15 

49.5 

44.5 

196 

191 

55 

2K^ 

50 

30.00 

0.410 

6.46 

0.21 

8525 

5.45 

49 

44 

194 

190 

55 

214  50 

30.00 

0.404 

6.52 

0.21 

8589 

The  period  of  steady  action  th»  day  is  from  8A. 
grate,  765.95  lbs.;  water  to  boiler,  6,179  lbs.;  h«*oce. 


a.  m.  to  2A.  25iii.  p.  m.  =  64.  25m.;  cd 
waieMu  1  of  coal  J  8.074. 
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1 

. 

^^ 

14 

P 

12 

- 

l! 

11 

^1 
ill 

REMARKS.— Orate  snrrice  14.07 xqaare  feeti  lenph  nf 
circntt  or  heated  gases  131  feet;  facighl  ol  chimDeT  63 

feet. 

1? 

i 

5 

III 

3 

i.«. 

Small  rurniM  li^hled  at  4*.  50n. 

144 

4-31 

1.06 

37.0 

\n 

-l-M 

Steam  allowed  lo  escape  ai  6*.  lOm ;  lo  pre«ni  primiug 
the  water  in  boiler  ie  kept  1  inch  below  irue  norniBl 
level;  second  weight  retnuvcd  from  back  valTe. 

19.;l 

I3-I.5 

100 

o.B5e 

I.OQ 

43.1 

196 

ill 

2.077 

Air  plates  opened  ai  Ik.  30«.  a.  m  ;  filled  tank  ai  8i.  a.  m. 

- 

e.4 

13-2 

143 

1.822 

The  3d  charge  ofcoal  is  all  lumps;  weaiber  clear;  wind 
SW.,  brisk. 

40.1 

135 

153 

3.091 

Grate  har»  cherrj  red;  the  Isi,  2d,  and  4th  charges  of  coa 

147 

141 

9.33() 

Filled  tanK  ai  lOA.  I7ni :  commeneed  drawiOK  gases  al 

149 

131 

B.596 

m.  Him.  a.  m.;  drew  in  35  minolea  100  cnbie  inchfn, 
which  pii-e  water  0.95  grain,  carbonic  acid  5.99  grains, 
oivxen  10.145  cubic  inches;  temperalore.  57". 
Air  pUies  clo-ed  at  11*.  39«.;  wind  W.,  overcast. 

155 

ISO 

3.. -Mi 

159 

m 

a.ihs 

Commenced  drawing  gases  al  11*.  19m.  a.  ra.;  drew  in  29 
miaaien  (air  plates  closed)  lUO  cubic  inches,  which 
eave  water  0.67  grain,  carbunic  acid  4.5)  grainn,  oxy- 

1G6 

130 

a.2G; 

gen  13.75  cubic  inches;  temperaiore,  58". 

•3.3fi' 

Sun  shiningatO*.t5«.  p.m.;  again  overcB;ttBlOA.45«.p.iii. 

Air  plates  ..penrd  al  0*  56ni.  p.  m. 

irj 

118 

3.888 

The6ih,7tli,8ih,and  9ih  charges  are  about  one  half  fine 

lis 

IS.O 

181 
178 

IH7 

159 
153 

1.700 

j  Pilled  tank. 

Wi 

3.25a 

AiP  plates  closed  at  2*.  50m.  p.  m,;  conlenls  of  a.sh  pit 

thrown  on  grate;  damper  aei  al  4  inches. 
Water  in  boiler  brought  to  true  normal  level. 

45.7 

IRA 

85 

45.7 

\m 

lag 

Water  in  holler  al  0.4  inch  above  normal  level. 

- 

180 

-    4 

- 

Water  in  bjiler  left  at  0.-23  inch  above  normal  level. 

Mfl 

141  A 

—  34 

^ 

35. 1 

H5 

-SI 

- 

Wa'er  in  boiler  ailjuMed  f.ir  tempemloie. 

^     RESIDUA.  p^^ 

Jhker 63.75 

\Am. 6(.0O 

*Aeit*hiod  bridge. 5.90fl 

TottI 113.656 

Deduct  wood  aaheg 0.331 

Total  wade  of  coal 113.485 

Okt I.efflfi 


soo 
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TABLE  un-nm 

dmnper  6  me^  opm;  mrplata  dned;  tleiotlht 


T. 

UPEB.TCRtS  OF 

TBi 

i 

B 

h 

I  i 

Dim. 

Hour 

1 

u 

t 

l" 

[! 

.5 

i  = 

1 

1 

£ 

e 
i 

1 

s 
■z 

1 
1 

.H 

r 

3** 

Z 

5 

I 
f 

o 

» 

■< 

d 

i 

55 

< 

X 

m 

> 

a 

^ 

* 

On.   16 

1.  u. 

19 

46 

196 

187 

54 

313 

50 

30.00 

O.390 

6.66 

B.ao 

7.15 

47.5 

44 

166 

3G4 

55 

338.5 

(9.5 

30.0.1 

0.558 

5.00 

).30 

no." 

7.30 

49 

44.5 

ll!6 

874 

55 

330 

49 

30.00 

0.550 

5.04 

9.40 

7.45 

48 

41 

164 

JOl 

55 

S39 

49 

30.00 

0.550 

5.04 

0.37 
).ll 

135 
238 

k'.ib 

so" 

46' ■ 

"m 

'aio 

55"' 

m" 

49   ' 

'3o!03 

o.iib 

'i!B8* 

9.45 
9.15 

55 
55 

49 

172 
ISO 

341 
312 

55 
55 

331 
330 

50 
53 

30.01 
30.01 

0.583 
0.575 

4.76 
4.82 

0.37 

314 

109,« 

a.ii 

"973' 

10.00 

58 

>, 

Ifl5 

330 

53 

330 

55 

30  01 

0.565 

4.93 

n.3i 

1636 

10.30 

f!l 

93 

19J 

3* 

53 

230 

56 

30.01 

0.578 

4.80 

).S« 

1796 

ibt'm 

11.00 

E9 

W 

197 

336 

53 

330 

57 

30,00 

0.573 

4.B6 

J.38 

3396 

11.30 

S3 

M 

303 

339 

54 

333 

58 

30.00 

0.580 

i.TtS 

J.S7 

2800 

\aM 

o'.oo 

B4 

S. 

306 

336 

51 

234 

59 

29.99 

0.570 

i.ee 

0.37 

3318 

(1.3(1 

S6 

55 

311 

330 

54 

334 

GO 

39.97 

0.574 

4.84 

0.36 

3664 

Ill's 

1.00 

«6 

M 

314 

3.« 

54 

336 

eo 

39.96 

0.570 

1.88 

0.38 

39-S 

1.30 

E6 

55 

3J3 

331 

54 

236 

til 

2!t.94 

0.571 

l.a7 

0.35 

4U3ti 

aoo 

67 

55 

3i6 

338 

51 

336 

e-i 

29.93 

0.57( 

4.83 

B.36 

5061 

leetw 

a,  40 

69 

5e 

S3S 

330 

M 

335 

63 

29.93 

0.561 

4.94 

0,31 

56.S 

3.00 

M 

5e 

333 

33C 

57 

435 

63 

39.93 

0.574 

4.M 

l>,37 

5Htt7 

m'M 

:o 

5<i 

333 

355 

57 

935 

63 

39.93 

0.56< 

4.98 

D.3S 

6339 

4:iKi 

69 

5fi 

23H 

333 

57 

231 

63 

39.91 

0.563 

4.95 

11.36 

67«ai 

nf.'s 

4.;jo 

70 

57 

346 

334 

57 

■J35 

63 

39.90 

0.563 

4.95 

0.39 

7179 

5.00 

G9 

58 

350 

333 

57 

235 

63 

39.90 

0.563 

4.95 

0.37 

7601 

m'.s 

5.30 

BS' 

si" 

'as 

'ras 

57' 

'333" 

63' 

'■sisl 

o!553 

"bM 

il!34 

'8699 

9.\b 

S3 

53 

Hi 

}iO 

57 

331 

69 

39.  BS 

0.533 

5.35 

9,34 

8699 

10.05 

ea 

52 

S33 

1316 

57.5 

3^ 

59.5 

39.8- 

0.488 

5. 67 

o.at 

9159 

Ot.   19 

fi'.lN 

54.6 

49 

305 

190 

57 

3'.7 

55 

30.01 

0.403 

6.53 

0.30 

9ira 

Th«  wriod  or  iiiraily  acliod  ibU  dnT  is  Tr 
FDpplied  to  g'ttt,  769.5  lh> ;  water  lo  boiler, 
1  of  coal,  8.6411  «>>ile  tbe  final  resalt  Is  8.3! 
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thin  ttratuat  on  grate. 


i 
1 

I 
1 

i! 

P 
Ill 

lli 

1 

REMARKS.— G rile  sQirucU-OTraaare  feel:  If Dcih  of 

circuit  ol  healed  gosEs  131feel;  heigbl  ol  chimnepS:! 

7.15 

38.4 

37.8 
36.9 
37.0 

137 

il8.5 

117 

116 

-26 

^' 

7J 

no 

113 

1.324 

0.599 
0.403 

Muraing clear;  vxaiiSVl..  Ijgbli  double  weigbu un  salnf 

valves. 
Commenced  Bring;  waler  in  biiilerO.l  inch  below  normal 

level. 
Wood  coDsiimed,  93  lbs.;  cDmraenced chargiag  wiih  coal; 

sir-am  E'capes  b;  remoTiDg  second  weigbi  Iroiu  valve 

■1  ;h.  ^6jk.;  damper  :iei  al  6  inches. 

■B.n 

39.7 
».l 

43.8 

45.4 
ii.i 
11. 1 
42.7 

41.3 

45.0 
43.0 
4^.0 
44.1 
44.9 
45.7 
44.1 
44,9 
46.5 
49.5 

116 

117 

125 

1»7 
131 
136 
130 

143 
144 
148 
157 
159 
159 
164 
163 

no 

ITG 
181 

To  prevent  priming,  the  waief  in  boiler  lo  be  kepi  1  inch 
Sleam  allowed  lo  escape  rroin  back  ralve  at  SA.  35n.  a-  m. 

1.07 
U.K 

1.4S 
l.» 

LSI 

8il 

90 

9S 
106 

97 

103 
86 
90 

m 

lOi 
95 
101 

lai 

98 
S9 
98 

3.491 

3.306 
O.90I 
2.G19 

3.670 

3.744 
1.S33 

i.Gtii 
3.485 
2.252 

I.y47 

3.501 
3.230 
2.21! 
2.33G 

Smoke  30"  in  reaching  cbinuiey  lop)  syphon,  0.33;  filled 
tank  at  U.  55n.  a.  m, 

Fire  in  full  action. 
F<lledlankil34.50>n.  p.  01. 
Removed  cliuker  from  gtaxc. 

The  Br>l  choree  of  coal  eoniained  one  lareelump.ihe  ninih 

WA.s  all  Rne,  ihe  older  eiehi  about  an  average. 
Very  litile  smoke  from  chimney  to-day. 

43.4 

42.7 
4t.I 

3S.9 

185 
179 

m 

150.5 

105 

-11 

-10 

-37 

Cnnlenu  of  ash  pit  thrown  on  grale  at  5A.  I5m.  p.  m,; 
dampersellu  3  inches;  water  1  ioch  above  normal  level. 
Wdler  0.8  inch  beltiw  norniBl  level ;  damper  entirely  closed. 
Waier  lelt  D.IH  mob  above  normal  level ;  air  port  wholly 
,.  cluted.    Experiment  leriolnated. 
Water  in  boiler  adjUMed. 

Qinker. 

i*e« 

Aihex  behind  bridge..  ■ 


Total  vaaie  from  coal 

Coke 

Sdm  (fniid  Bmr  bnraiiigx). . 
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TABLE  LXni.— DEDUCTIONS  FIQH 

Expenmenii  on  JiTef  t 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


23 

24 

25 

2G 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

49 
43 

44 
45 

46 

47 


Nature  of  the  data  furnished  by  the  respective  tables. 


/ 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours        ... 
Area  of  grate,  in  souare  feet       .  .  .  - 

Area  of  heated  surtace  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  afler  trial 
Mean  wci|?ht,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  c^ol  supplied  per  hour,  during  steady  action  - 
Pounds  of  coni  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  luid  clinker,  from  100  pounas  of  coal 
Potmds  of  clinker  alone,  from  100  pounds  of  coal 
Ilaiio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temncRiture  of  water,  in  degrees  Fahrenheit 
Pounds  or  water  sup[)lied  at  the  end  of  experiment,  to 

restore  level    ...... 

Deduction  for  temperature  of  water  supplied  at  the  end 

of  exf)eriment  ..... 

Pt>tind8  of  water  evaporated  per  hour,  during  steady  action 
Cubic  ft-et  of  water  i>cr  hour,  during  steady  action 
Pounds  of  water  ])er  square  foot  of  heated  surface  per 

hour,  by  one  calculation         .... 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

.observations    .-..-. 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       ...... 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

(lurint;  steady  action  ..... 
PoundH  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  ..... 

Mean  temp,  of  wet  bulb  thcrmom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arrivin<^  at  the  ffrate 
Mean  temperature  of  gases,  when  arriving  at  tne  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       .  .  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer  ... 
Meem  height  of  water  in  syphon  draught-gau^ret  in  inches 
Mean  temperature  of  dew  point,  by  calculation  - 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern        -----. 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern     .  -  -  -  . 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
.  Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  oir-plates,  at  the  furnace  bridge 
Inehes  opening  of  dajnper,  (U.  upper)   -  -  - 


IstTHal. 

9d  Trial 

(TVbUUX.) 

(TaUeU.) 

Odo6erl4. 

OelokrlS. 

26.75 

23.417 

6.083 

7.717 

14.07 

14.07 

377.5 

377.5 

18.75 

18.75 

10.0 

10.0 

1092.75 

1078.75 

1085.25 

1071.0 

7.5 

7.75 

54.6375 

53.9375 

126.607 

97.427 

8.998 

6.924 

11.7922 
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No.  3. 
BUuminovs  coal  sent  by  Captain  WUUam  Eoabf. 
This  sample  of  coal  was  accompanied  by  the  following  letter : 

"  Washington,  January  13, 18<3. 

"  Sir:  I  herewith  send  one  hogshead,  one  tierce,  and  three  barrebof  /: 
Cumberland  coal,  for  the  purpose  of  having  its  qualities  tested.    Will  ' 
you  be  pleased  to  dispose  of  it  as  you  think  proper?    The  coal  hat  been 
taken  from  a  new  mine  called  '  Coal-in-Store.'    The  casks  are  mtrkel 
< William  Easby,  Washington;  coal  from  Coal-in-Store  near  Camber 
land,  Maryland.' 

'^  I  am,  sir,  very  respectfully,  your  most  obedient  servant, 

"  WM.  EASBY. 

"  Captain  B.  Kennon." 

In  its  exterior  characters,  this  coal  strongly  resembles  both  the  two 
samples  from  the  same  district,  which  have  already  been  described.  It 
is  composed  of  alternating  plies  of  a  bright  and  a  dull  black  color— the 
former  belonging  to  the  semi-crystalline  or  columnar  portions,  and  the 
latter  to  the  amorphous  or  slaty  parts.  The  partings  are  perpendicular  to 
the  surfaces  of  deposition.  These  partings  are  frequently  marked  with 
small  circular  and  other  spots  of  sulphuret  of  iron.  Fractures  do  not 
readily  take  the  direction  of  the  horizontal  partings,  so  as  to  display  the 
forms  of  organic  bodies. 

The  specific  gravity  of  two  specimens  was  taken.  The  first  gave 
1.3046,  and  the  secona  1.3092 ;  the  mean  of  which  indicates  a  weight  in 
the  solid  coal  of  81.685  pounds  per  cubic  foot. 

Eleven  trials  in  the  charge-box  gave  the  mean  weight  per  cubic  foot 
63.466  pounds,  or  0.6545  of  the  calculated  weight  derived  from  the  spe- 
cific gravity.  It  proves  that  41.896  cubic  feet  of  space  will  be  required 
for  the  stowage  of  1  ton.  The  moisture,  determined  from  the  two  speci- 
mens above  referred  to,  was  0.804  for  the  first,  and  1.07  for  the  second; 
or  a  mean  of  0.937  per  cent;  28  pounds,  dried  in  the  steaming  a{^)aratu8, 
lost  only  3  ounces,  or  0.6696  per  cent 

The  volatile  matter,  oiher  than  moisture,  was  in  the  first  specimen 
14.811,  and  in  the  second  15.158  per  cent,  of  the  weight  of  raw  coal. 

A  higher  proportion  of  earthy  matter  was  found  in  the  specimen  which 
had  the  highest  specific  gravity — the  first  giving  as  the  mean  of  the  two 
trials,  differing  but  little  from  each  other  in  result,  4.056 ;  and  the  second, 
by  two  identical  results,  gave  6.52.  Hence,  of  these  two  specimens  we 
have  the  composition  as  follows : 

Specimen  «.  SpecUnen  h, 

MoUtaie       ....  0.804  1.070 

Other  volatile  matter            -           -  14.811  15.158 

A«tiM            ....  4.056  6.520 

^MrtNW            *            •  80.329  77.252 


100.  ^«^- 


la  oonSniitiUft  at  6.423        a         ^*^*^ 
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he  coke  is  in  a  well-lbrmed  mass ;  the  parts  completely  agglutinated, 
Dg  a  striated  sur&ce,  silky  lustre,  and  porous  texture, 
he  combustion  of  1,158  pounds  of  this  sample  left  97.09  pounds  of 
te,  composed  of  15.5  pounds  of  clinker,  and  81.59  of  ashes ;  or  the 
le  was  8.3846  per  cent,  of  the  coal  burned.  The  ashes  lost  by  rein- 
ration  in  the  platinum  capsule  12.87,  and  the  clinker  1.143  per  cent. ; 
lat  the  actual  quantity  of  incombustible  matter  left  in  the  furnace 

but  84.82  pounds,  or  7.325  per  cent,  of  the  coal  burned, 
'he  ashes  weigh  39.01  pounds  per  cubic  foot,  and  the  clinker  29 
ads.    The  latter  is,  in  all  respects,  similar  to  that  obtained  from  the 
eding  samples  of  coal,  and  bears  to  the  total  waste  the  relation  of 
\  per  cent 

f  soot  and  dust,  there  were  found  in  the  flues  5.25  pounds,  weighing 
le  rate  of  16.68  pounds  per  cubic  foot ;  and  of  which  47.39  per  cent. 

either  volatile  or  combustible  matter,  and  52.61  ashes  of  a  reddish - 
f  color.    This,  added  to  the  waste  from  the  furnace,  makes  the  total 
ite  from  the  coal  8.083  per  cent. 
lie  ashes  of  this  sample  (both  those  from  the  hand  specimens  analyzed. 

Chose  from  the  furnace)  are  almost  identical  in  color  and  other  sensi- 
properties  with  those  from  the  coal  of  Messrs.  Atkinson  and  Temple- 
I ;  the  latter  having  only  a  slightly  darker  tint  in  the  residue  from  the 
*s,  and  a  trifle  lighter  one  from  the  clinker.    They  seem  to  indicate 

both  came  from  the  same  member  of  the  coal  series. 
"he  time  required  by  this  coal  to  bring  the  boiler  to  steady  action  was 
*  hour.     The  quantity  of  coke  left  on  the  grate  was  18.25  pounds. 
Ii  these  circumstances  indicate  greater  difficultv  in  exciting  and  sus- 
ing  combustion  than  had  been  experienced  in  the  preceding  sample. 

trial  of  heating  power  by  the  oxide  of  lead  resulted  in  producing  of 
allic  lead  30.155  parts  for  each  part  of  coal  employed.  As  the  mois- 
I  and  earthy  matter  together  were  7.83  per  cent,  of  the  raw  coal,  the 
Qtity  of  combustible  matter  by  which  the  reduction  was  effected  was 
17  per  cent  Hence  the  lead  to  1  of  combustible  is  32.695. 
*or  the  purposes  of  smith-work,  domestic  use,  the  production  of  illu- 
lating  gas,  and  the  manu&cture  of  iron,  the  same  general  remarks  will 
ty  as  were  made  in  reference  to  the  sample  last  described,  with  the 
iitioiud  advantage  to  this  sample  of  a  greater  freedom  from  earthy  matter. 
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Mean  temperature  of  attached  thermometer  .... 

Mean  height  of  barometer  ------- 

Mean  number  of  volumes  of  air  in  manometer      .  -  •  • 

Mean  height  of  mercury  in  manometer      -  -  -  -  . 

Mean  height  of  water  in  syphon  draught-gauge    -  -  -  • 

Mean  temperature  of  dew  point,  bjr  calculation     .... 

Mean  ?ain  of  temperature  oy  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases  ... 

Water  to  1  of  coal,  corrected  for  temperature  of  water  in  dstem  - 
Water  to  1  of  coal,  from  212^^,  corrected  for  temperature  of  water  in  cirtem 
Pounds  of  water,  fipm  212°,  to  1  cubic  foot  of  coal  ... 

Water,  from  212^,  to  1  pound  of  combustible  matter  of  the  fhel  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum  -  -  -  • 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  tlie  furnace  bridge  -  -  -  • 

Indies  opening  of  damper  -----.. 
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*  In  nearly  all  the  Cumberland  coals,  it  appears  that  the  water  to  1  of  coal,  hf  thn 
for  a  final  result,  is  less  than  that  durinj^  the  assumed  period  of  steady  aetioii.  Thk  Ipri^Llo 
doubt,  from  over-estimating  the  weight  left  on  the  grate  at  the  termination  of  1|h|1  MmAmP* 
large  quantity  of  waste  then  filling  the  grate,  may  have  very  naturally  led  to  this  r^nlt\  V^  . 

f  By  a  preceding  discussion,  (see  page  20,  note.)  the  velocity  of  the  motion  of    ' 
temperature,  when  the  gauge  is  .333,  should  be  about  12.08  feet  per  second. 

/  The  air-plates  were  kept  open  for  about  half  the  period  of  tms  triaL 
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No.  4. 

ntinous  frce-burniifg  coal  from  Atkinson  i5*  Templemtw^  of  Cum- 

bcrlanr/,  Marytand. 

ropiy  to  an  inquiry  relative  to  the  origin  of  this  sample,  the  following 
mrition  was  received  : 

"  CuMnEULAND,  Md.,  Afurcli  16,  1S44. 

)e.mi  Sir;  Your  favor  of  the  13th  instant,  in  regard  to  our  coal, 
to  hand  in  due  time,  and  \vc  hasten  to  reply. 

The  sample  to  which  you  allude  was  taken  from  a  vein  9  feet  some 
's  in  thickness,  on  the  eastern  slope  of  Dan's  mountain,  about  40 
)elow  the  surface  of  the  earth,  on  a  stream  known  by  the  name  of 
•'s  run,  two  miles  south  of  the  national  road.  The  vein  is  solid  and 
>nt  slate,  and  now  worked  so  as  to  be  mined  in  lumps.  The  sample 
was  taken  direct  from  the  mines,  and  must  have  been  mined  firom 
;o  three  weeks  before  received  by  you. 

.   *•  We  are,  dear  sir,  your  obedient  servants, 

"ATKINSON  &  TEMPLEMAN. 
^rofessor  Walter  R.  Joiixsox, 

"  Pliiliufelphln:' 

le  character  of  this  coal  is  that  of  a  mixed  columnar  and  slaty  mass; 
jrnicr  being  possessed  of  a  deep  shining  jet-black  color,  a  friable  con- 
ice,  and  occasionally  a  striated  surface,  with  a  semi-conical  radiated 
genient  of  the  striie.  'J'he  main  partings  are  perpendicular  to  the 
:cs  of  deposition ;  but  the  cross  cleats,  or  partings,  are  oblique  to 
fJeaniifuUy  iridescent  surfaces  are  occasionally  met  with.  Thin 
of  snlphuret  of  iron  are  visible  in  some  .specimens  ;  and  specks  of 
ame  in  an  elRorcscent  state,  having  developed  the  sulphate  of  iron, 
pparent  after  some  twelve  or  fourteen  months'  exposure  to  the  air. 
le  specific  gravity  of  two  sjiccimens  was  fl)und  .to  be  respectively 
\  and  1.305;  from  the  mean  of  which  the  calculated  weight  of  a  cubic 
s  82.(K>  pounds. 

10  mean  weight  of  the  same  bulk  of  coal,  as  weighed  in  twenty-two 
res  of  2  cubic  feet  each,  was  found  to  be  52.92  pounds,  or  0.6410  of 
computed  weight.  Hence  the  bulk  rei^uired  for  the  stowage  of  I  ton 
.32^  cubic  foet. 

lis  coal  appears  to  have  very  little  tendency  to  absorb  moisture.  In 
malysis  of  the  first  of  the  above-mentioned  specimens,  it  gave  but 
per  cent,  of  loss  after  heating  to  3Ul)^ ;  the  other  specimen  weighed 
tly  the  same  aftfir  drying  as  it  did  bifure, 

trial  of  28  pounds  in  the  steam  apparatus  over  the  boiler,  for  two  days, 
sd  the  expulsion  of  only  2  ounces  of  moisture,  or  0.446  per  cent. 
le  volatile  matter,  other  than  moisture,  expelled  in  coking  at  a  bright 
leat,  was  found  to  be,  in  one  specimen,  coked  with  but  moderate  ra- 
y,  12.536  per  cent. ;  in  the  other  sfHscnnen,  it  was  found,  by  a  rapid 
cation  of  heat,  to  l)e  17.411  per  cent. 

1  incinerating  the  first  specimen,  the  earthy  matter  was  found  to  be 
i,  that  of  the  second  5.239 ;  the  one  possessing  the  highest  specific 
Ity  giving  (as  most  commonly  happens)  the  greater  proportion  of  ashes. 
14 
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From  these  data,  it  appears  that  the  two  specimens  are  composed  ai 
follows : 

Of  moisture  - 
Of  other  volatile  matter 
Of  eartliy  matter 
Of  fixed  carbon 


Specimen  a. 
0.530 
12.536 
6.663 

81.281 

Specimen  i. 

0.000 
17.411 

6.239 
77.350 

100. 

100. 

Hence  the  fixed  carbon  left,  after  sIowFjt  coking  a,  was  6.483  times  a» 
heavy  as  the  volatile  matter  expelled  ;  and,  after  rapidly  coking  6,  it  was 
but  4.412  times  as  heavy.  Hence  the  advantage  oi  slow  coking  for  eco- 
nomical purposes,  as  will  be  further  developed  hereafter. 

In  the  two  trials  of  this  coal  under  the  steam  boiler,  there  were  con- 
sumed 2318.25  pounds.  From  this  were  derived  1^,708  pounds  of 
wastCy  made  up  of  133.958  of  ashes,  and  49.75  of  clinker.  Hence  the 
mean  per  centage  of  waste  is  7.925 ;  that  of  the  ashes  being  5,779,  and 
that  of  the  clinker  2.14G. 

Reincinerating  the  a^fhcs  caused  them  to  lose  11.85  per  cent,  of  their 
weight,  and  the  clinker  0.485  per  cent. ;  so  that  the  former  is  reduced  to 
5.094,  and  the  latter  to  2.042  jxjr  cent,  of  the  weight  of  coal ;  or  the  total 
earthy  residuum  thus  derived  from  the  furnace  is  7.136  per  cent 

Tliere  were  obtained  from  the  flues  after  two  trials  11^  pounds  of  soot; 
of  which  10.6  per  cent,  were  found  to  be  matter  volatile  at  a  red  heat, 
being  doubtless  sdts  of  ammonia;  49.5  combustible  carbon,  and  39.9a 
li;^ht  colored  ash,  very  similar  to  that  derived  from  the  rcincineration  of 
the  ashes.  Of  the  carbon,  a  considerable  portion  must  haver  been  derived 
from  the  wood  used  in  heating  up  the  apparatus  during  the  experiments; 
of  which  502^  pounds  had  been  employed.  The  coal,  therefore,  gave  for 
t(>tal  waste  7.334  per  cent,  of  absolutely  incombustible  matter. 

A  trial  of  this  coal,  by  separating  nearly  equal  small  fragments  from  forty 
s])ecimens  of  the  sample,  was  made  in  order  to  ascertain  the  practicability 
of  deciding  by  this  means  the  average  constitution  of  the  coal.  The 
mixture  of  these  fragments  was  completely  pulverized. 

When  thoroughly  dried,  it  lost  -  -  .        0.508  per  cent. 

When  coked  to  bright  chcrrv-red  heat,  it  lost  in  addi- 
tion .  -        '  -  .  .  -      15.532        « 

When  completely  incinerated,  it  left  of  light  pink- 
colored  ashes  .....      10.372        " 

And  showed,  of  course,  the  amount  of  fixed  carbon 
to  be  .  .  .  -  -  .      73.588        « 


100. 


From  this  it  appears  that  the  fixed  carbon  is  4.738  times  the  weight  of 
the  volatile  combustible. 

The  clinker  is  mostly  in  small  fragments  of  a  light  brown  passing  into 
a  yellow  color.  The  tendency  to  vitrification  is  very  moderate,  and  is 
confined  to  the  darker  colored  portions.  The  rest  appears  to  be  adhering 
masses  of  slaty  fragments,  constituting  the  larger  portion.  It  manifi^ts 
no  tendency  to  adhere  to  the  grale-bata.    TVve  r\Vvo  of  clinker  to  the  total 
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!sle  is  but  26.8  per  cent.  The  color  of  the  pulverized  and  reincine- 
:ed  clinker  is  a  light-reddish  brown ;  of  the  ashes^  a  much  lighter  tint 
red ;  and  from  the  soot,  ashes  of  a  still  lighter  color  were  obtained. 
le  clinker  weighs  but  31.62,  the  ashes  33.92,  and  the  soot  15.77  pounds 

cubic  foot. 

The  time  required  for  this  coal  to  bring  the  boiler  to  a  uniform  rate  of 
poration,  was  in  the  first  trial  0.75,  and  in  the  second  1.216  hour,  or 
ifle  less,  on  an  average,  than  1  hour  from  the  time  when  the  charging 
imeuced. 

The  weight  of  coke  left  unburnt  was  in  the  first  trial  but  4.375,  and 
he  second  only  5.S75  pounds  ;  while  that  left  in  the  clinker  and  ashes 
)unted,  as  above  shown,  to  only  0  789  of  1  per  cent.  All  these  facts 
icate  great  facility  in  commencing  and  continuing  the  ignition. 
The  trials  of  this  coal  in  both  the  smith -shops  gave  great  satisfaction. 
ty  pounds  of  it  in  the  chain-shop  were  found  sufHcient  to  make  eight 
cs  of  a  chain  cable  formed  of  iron  Xl^  ii^^h  in  diameter;  and  the  same 
ight  again  tried  on  a  chain  1|  inch  in  diameter  was  found  sufficient  to 
ke  eighteen  links.  It  makes  a  dense  and  hot  fire  with  moderate  llame. 
n  the  anchor-shop,  it  was  found  to  make  a  hollow  fire  of  moderate 
*,  strong,  and  durable.  The  only  circumstance  detracting  at  all  from 
value  was,  that  the  cinder  was  rather  too  bulky,  tending  somewhat  to 
truct  the  tuyeres. 

Ls  a  fuel  for  domestic  purposes,  it  possesses  on  the  one  hand  a  llame 
mdantly  sufficient  to  give  cheerfulness  to  the  aspect  of  a  parlor  fire, 
I,  on  the  other,  a  durability  approximating  that  of  some  of  the  lighter 
hracites.  The  proportion  of  gas  is  too  small  to  render  it  available  for 
iminating  purposes — especially  \vhere  it  conies  in  competition  with 
Is  of  the  highly  bituminous  class,  as  those  of  Pittsburg,  of  Richmond, 
Nova  Scotia,  or  of  Great  Britain. 
Is  a  furnace  coal,  for  the  manufacture  of  iron,  it  will  be  found  among 

best  of  the  bituminous  class,  since,  either  with  or  without  previous 
:ing,  it  may  be  very  advantageously  employed  in  the  blast  furnace.  It 
.'ery  similar  in  constitution  to  the  furnace  coals  of  Mcrthyr  and  Lla- 
ly,  in  Wales,  with  the  exception  of  possessing  a  greater  proportion  of 
thy  matter. 

\  single  trial  for  heating  power  by  the  oxide  of  lead  of  specimen  6,. 
>ve  referred  to,  (having  the  lowest  specific  gravity,  and  the  least  of 
thy  matter,)  resulted  in  giving  2S.49  times  its  weight  of  metallic  lead, 
ducting  the  weight  of  earthy  matter,  this  would  be  30.06  parts  of  lead 
L  of  combustible. 

The  sample  of  coal  in  a  box  accompanying  this,  and  consisting  of  less 

n  200  pounds,  staled  to  be  from  the  "  Forks   of  Jennings^s  run," 

ich  are  64-  miles  above  Cumberland,  was  too  small  in  quantity  for  a 

1  under  the  steam  boiler. 

ts  character  is  that  of  a  friable  coal  of  columnar  structure,  falling  mostly 

1  slack,  having  a  shining  jet-black  color,  and  being  much  more  free 

n  slaty  matter  than  most  of  the  samples  of  coal  from  the  Cumber- 

d  district  which  have  fallen  under  my  observation.     It  seems  to  have 

n  carefully  selected,  or  at  least  much  more  skillfully  mined  thaw  s^^xv- 

ly  happens  in  that  region. 

Wxty  pounds  of  it  in  the  chain -shop  were  found  ade(\\\txve  lo  Xh^  u\oN5av\% 
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of  eight  links  of  a  chain  Ijf  inch  in  diameter.     It  was,  consequent!)', 
equal  in  strength  to  the  other  samples  sent  by  the  same  proprietors. 

In  the  anchor  shop  it  was  found  very  favorable  for  the  performance  of 
small  work,  very  pure,  making  a  strong  heat,  but  altogether  uusuiied 
for  forming  a  liollow  fire. 

In  an  olfice  grato,  a  portion,  in  a  rather  too  fine  state  for  such  applica- 
tion, was  found  to  take  fire  promptly  when  laid  on  a  rather  dull  anthracite 
fire,  burning  with  little  or  no  smoke,  and  with  a  flame  of  moderate  length. 
As  the  amount  of  vaporizahle  matter  is  for  less  than  in  many  highly  bitu- 
minous coals,  it  exhibits  a  prompt  ignition,  and  none  of  that  sinpuldering 
apathy  which  the  latter  generally  display  when  first  heated  upon  the 
grate. 

The  specific  gravity  of  Jennings's  run  coal  is  1.3092,  which  is  identical 
with  that  of  one  spccmien  from  the  large  sample.  Its  volatile  matter  was 
17  per  cent. ;  also  nearly  approximating  the  weight  of  the  same  material 
found  in  that  specimen. 

Its  earthy  matter  was  5.53  per  cent.,  or  a  very  little  above  the  mean  of 
the  two  specimens  above  referred  to.  Hence  the  ratio  of  the  volatile  mat- 
ter to  the  fixed  carbon  is  1  to  4.556.  The  calculated  weight  of  a  cubic 
foot  is  81.83  ix)uuds. 

The  coal  is  very  friable,  being  composed  almost  wholly  of  columnar 
plies,  separated  by  thin  films  of  pyritous  matter,  which  easily  effloresces, 
developing  white  lines  of  sulphate  of  iron.  A  specimen,  which  lias 
been  fourteen  months  in  my  possession,  is  already  disintegrating  from 
this  cause,  and  falhng  into  powder. 

I  liavc  referred  above  to  the  relation  of  the  sample  of  coal  now  under 
consideration  to  some  of  those  found  at  certain  celebrated  localities  in 
Wales.  The  same  relationship  may,  in  general,  be  traced  between  all  the 
samples  of  free-burning  coals  both  of  Maryland  and  Pennsylvania, and 
those  of  some  one  or  oilier  of  the  great  mining  and  iron  manufacturing 
districts  of  that  country.  To  fiioilitaio  comparisons,  I  offer  the  following 
condensed  view  of  the  results  of  very  numerous  experiments  on  the  prox- 
imate composition  of  coals  U5>ed  at  souic  of  the  most  celebrated  of  those 
establisluncnls.  The  experiments  arc  those  of  Mr.  David  Mushet,  and 
are  contained  in  his  valuable  work  on  iron  and  steel.  The  coals  referral 
to  one  locality  were  mostly  from  diilcrcnt  beds,  or  from  different  plies  of 
the  same  bed.  They  arc  ircnerally  us:  d  at  forges,  rolling  mills,  and  blast 
furnaces  for  the  manufacture  of  iron. 

The  series  in  the  table  commences  with  such  as  are  rather  more  bitu- 
minous than  any  of  the  free-burning  class  described  in  this  report,  and 
proceeds  with  those  of  less  and  loss  biiuminousness,  until  it  reaches  the 
true  anthracites,  containing  about  the  same  amount  of  volatile  matter  as 
that  of  Lyken's  valley,  heretofore  described. 

The  table  shows  in  part  the  remarkable  variety  of  materials  found  in 
the  great  Welsh  coal  field,  and  the  resemblance  which  it  bears  to  the 
southern  anthracite  field  of  Pennsylvania,  which,  as  elsewhere  stated,  is 
now  known  to  afford  bituiuinous  coal  at  one  extremity,  and  pure  anthra- 
cite at  the  other. 
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Hilar  view  of  the  proximate  composition  of  Wtlshfumaee  coals. ' 


J  at  which  e  ch  coal  U  rnintJ  oi 


iDcb,  or  Llanplly  works 

"ygiu 

;y"le 

e  ancl  Rhymnrv,  G1ain<>r(;an<hlre 
■nuuthiiiJDufrj'n.nearMcriliyrTiJvil 
Huwy     .  .  .  .  . 

iny-darran         .  .  .  . 

itddie,  GiamoreaDshire 

iih  Abbey  .  .  .  . 

^nha  and  Vnni'j 

wain,  GlaiiiDignushire  • 

Dn's  VniscyilwQ  ■  ■  .  . 

Kl-y-Fera  .  .  .  . 


iil 


7S.5!tH 

79. Hi: 
W).05*l 
83.037 
Si. ill 

81.937 
85.3J1 


2.iS 

4.tU 

1.73 


ff.'lu/'iiJ  cxUrUr  and  atktr  cliariieltTi  ef  At  coall. 

le  of  the  varieties  Ihe  stractare  ii  imblcal,  of  others  Ibe  lex- 


Kdarf  nmchiildiil;  of  au 

auulor  nnd  I'riable. 

imc  ol  the  Kpecimrn*  ri-ry  biintninniiK  in  appears 

;  much  intoioe^'rnce  ami  change  Dl'lorra. 

rnelure  in  siiinc  eases  lanif  liar,  much  inier-ei'ied  with  plane*,  ind  leHmUing  c^y^>(al- 

liher  vatlclfesare  reedy,  anil  iniersci^ed  by  i)blii]ue  cross  paningn. 

Mine  speuiinvD)  the  Ktriiciure  is  cnbicnl,  granular,  and  the  G»ii»TSienee  friable^  in  others, 

ire  isFuinv,  riiii^h,and  Aructureamorphoa^shuwin!;  no  di-finite  directions  ol  Iraciure. 

'aciar«ii  ubliqiie;  stractiire  rhombic,  coinpaci,  orgrauular,  wiih  sumi'liineii  ■  raUio-sui- 

Ke;  oecisitinally  rising  into  prisms, 

i|[fal,  yhiniBg  piningn  ubiiqne  to  the  beda.   In  some  rarleties,  the  appearance  is  thai  or 

lal. 

tuc'n re  either  mixed  of  rMtly  and  xranulnr,  nr  whully  granular;  very  bright  and  shi- 

lerntric  circles  iwimetimesaie  apparent  nt  the  fracii" 

>r mi  generally  rliombnidalj^niciure  grar   '-- 

•ina>;  croMi  partinitK  mure  or  less  irreguli 

routure  van.iMi.-; 'reedy  aad  granular  ii 

f  anihraciti  — 


F,  and  all  safficicnilj  so  to  produce 


tiilneralixed  charcoal  inlermiied  with 
mes  crystalloid,  specnlar, 


[ither  bright,  reHr,  in  rPEn'ar  lamiatn,  or  intersected  at  riitht  angles  br  partings  pro- 
rftileoe«<:ciihirs>imi>iime«dall  black,  haTing  no  proper  cleavage;  at  others,  the  aspect 


proper  cleavage;  e 

oblique  (o  tlie  surl 

_ jd.    Some  vnrietie    .         .  ._.  .. 

n  appea'rance,  and  others  partly  bimminoiu  and  partlf 

1  change 


inlbraciiimaiDcharacler,  and  undergo  o< 
iiac'criiiic  ofdiy  biliiminous  coals. 
.)  >-triirture  i>'aiy;  itolor  brilliant  blaclt. 


leveral  i.f  ilif«  varielii's  are  rniirGly 
n  e  ittin;.  (>ihi>r«  liave  tlii!  u'lial  c] 
lit  ihev  varieilv-'  are  trii<-  anthracitt 
hime  "f  tbeic  ate  deci.ledlv  aDihntd 
nnil  others  itili  arc  ctiiircly  bituminous.  This  is,  indeed,  a  IrnnJifiDii  coal. 
b>stitnrljF  eryMalized,  craimlai,  or  shilling,  without  regular  cleavages;  sortaces  some- 

Iright,  sliioini;,  pitchy;  erows  iirare  brilliant  by  pulveriiing. 

Ill  lhe6e  arc  Hue  anlliraitieM,  wiib  the  ordinary  characters  pertaining  to  that  class. 
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TABLE  LXn.— ATKLNSOS  li 

First  trial — upper  damper  8  inckei  open;  airptdei  ^pn; 
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A  small  discharge  of  ihia  browo  smoke  appein  atchim- 

nesiop,  oDsialtinp.                                   • 
Pounh  charge  oi  coal  in  lumps. 
Filled  tank. 

uln  100  cubic  inches,  which  gave  wiler  3.15  grain.'i, 
carbonic  acid  4.53  gr'ns,  and  oiyesn  14.07  cub,  iDcbcs. 

Sleam  allnwed  10  cscipe  fiom  both  val»cs*l  0*.  30iii.  p.  nj. 

Back  Mlve  loaded  wiili  sinall  additional  weights. 

Very  lililf  smoke  from  chimney,  and  oily  whenthargir.^ 

ofHioklng. 
Eigbih  charge  [n  lumps  wKh  some  fine  coal. 

Filled  tank;  ninlh  charge,  one  large  lump  wiih  6ne  ccal. 

PiDcee  38  lbs.  oiMs  coal  in  dryiDg  apparaius. 

EleveDib  charge,  lumps  vitb  fine  ooal. 

Air  plales  closed,  and  coolenis  of  ash  pt  ilirowa  on  grate. 

43 

-14 

-10 

Wa'er  in  boiler  lefl  ai  1  inch  atwve  normal  level;  damper 

reduced  to  4  Inches. 
Waiei  found  1.45  inch  bHow  normal  level. 
Waier  in  boiler  adjusred  for  Ibe  nre.-enl  lemperalare. 

CliakH. 

Ashes 

Aihn  flora  beUid  bridge. . 


..  34.50 
.  69.50 
.      6.00 


Dedoci  waodasbes I.S3I 

Total  VBcle  from  coal 91.77 

^Mce,  fodadlnga  panl4»  from  behind  the  bridge. ^•'^' 
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TABLE  LXVin.— BED 
Et^aimenti  on  Jltkiiuo 


■c  of  (he  doiB  furni*h«il  bf  the  rMpcclifc  tablei. 


Total  duration  of  ihe  eitpermiEnt,  in  hours 
Duration  of  tMniy  action,  in  houra        -  .  . 

Area  of  psta,  in  •quare  feet        -  .  -  - 

Area  of  heated  nufaee  of  boiler,  in  iqiian  feet  - 
Aren  of  boiler  cxpoped  to  direct  nulialion,  in  njuare  feet 
Number  of  chai^ea  of  coal  BuppUed  (o  grale 
Total  weight  of  con)  supplied  to  eralc,  in  pDunib 
Pounds  of  coal  acluolljr  consumed  .  -  . 

Pounds  of  cnnl  withdrawn  and  aepiuntcd  after  (rial 
Mean  weighl,  in  pouttds,  of  one  cubic  foot  of  coal 
Pounds  of  coat  aupplied  per  honr,  during  steady  action  - 
Pounds  of  coal  per  squnre  fool  of  gmie  surfacA,  per  hour 
Total  waste,  eshes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  f™m  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  ponnds  of  valer  nupplied  to  the  boiter 
Meen  temperature  of  u'ater,  in  degrees  Fahrenheit 
Founds  of  water  supplied  nl  the  end  of  experiment,  lo 

Deduction  for  temperature  of  water  supplied  at  (he  end 
of  experiment  ....  - 

Founds  of  water  CToporatedperhour,  during  steady  aclJon 
Cubie,  feet  of  water  per  hour,  during  fllcady  action 
Pounds  of  water  per  square  foot  of  heotM  surfiwe  per 
hour,  by  one  cotcidation         .... 
Pounds  of  water  per  square  fool,  by  n  mean  of  levenil 

~     rr  emporated  by  1  of  conj,  from  inilisl  leinp.  (a) 


final  result 


T  evaporated  bj  1  of  coal,  Oom  initial  temp,  (b) 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
'lean  temperature  of  air  entering  below  ashpit,  during 
steady  presaure  ..... 

Meiui  temp,  of  wet  bulb.  Ihermom.,  during  steady  pressure 
Mean  lempemiure  of  air,  on  nrrivin^  a(  Ihe  inWe 
Mean  lemperalureof  gnses,  when  arriving  at  the  chimney 
Mean  temperature  of  sleam  in  the  boiler 
Mean  tcmpenitura  of  attached  thermomelcr 
Mean  height  of  baronielcr,  in  inches      .  .  ■ 

Mean  number  of  volumca  of  air  in  manometer  - 
Mean  height  of  merctiry  in  nuuiotnMer,  in  ainuiqtherts 
Mean  height  of  water  in  syphon  drailghl-f^u^  in  inches 
Mean  lemperatura  of  dBW  pniiil,  by  enlrulatiiiO 
Mean  gain  of  teinperaliui)  by  Ihs  air,  befurn  Rodiirg  grate 
Mean  diShrence  bciwcan  >l«am  and  taeapln^  £■*«* 
Water  to  1  of  cd^  eamewi  tta  tMBjKnUura  of  'vuor 


1st  Trial. 
{TMt  LXVl) 
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OH  TABLES  LXVI,  LXVII. 
i'#  coal,  (Cumberbmd,  Maryland.) 


ranges* 


Remarks. 


5  125 
53.925 
»3.106 
7.337 
7.9623 
9.1351 


61.341 
15. 08 

i.5995 


9.509 

9.531 
€.5727 


.91 
7«».fi0 


0.33 

1«.777 
5P  333 

9.4755 

10.6991 
B6.35 

U.G341 
1.461S 
6.8112 


The  weight  of  unburnt  coke  led  by  thii  coal  is  lets  than  one  tweniy-«econd  part 
as  much  as  remained  of  some  of  the  anthracites,  when  the  fire  became  extinct. 


A  Tery  dose  approximation  between  this  and  the  following  line  will  be  observed. 


The  two  trials  of  this  coal  give  a  remarkable  coincidence  of  results,  as  well  as  a 
very  hieh  average  amount  of  evaporation.  It  is,  indeed,  the  highest  result  ob- 
tained during  the  research. 


The  burning  with  open  air-plate  seems  to  have  produced  but  little  effect  on  the 
efficiency  of  this  coal. 


220  Doc.  No.  276. 

No.  5. 

Bituminous  coal  from  the  mines  of  Easby  ^  Smithy  above  Cambei 
delivertfdfor  usf  al  the  navy-yard^  Washington;  selected  from  a 
load,  by  Captain  Easby. 

This  sample  of  coal  was  stated  to  be  from  the  mines  called  "Co 
Store/'  the  same  from  which  a  preceding  sample  seal  by  Capt.  Easb] 
also  taken. 

In  its  exterior  characters,  this  sample  strongly  resembles  that  coal 
some  cases,  however,  it  exhibits  larger  portions  of  carbonaceous  niatl 
the  surfaces  of  deposition.  A  radio  striated  appearance  occasionally  oi 
and  the  alternating  plies  of  columnar  or  crystalloid,  and  slaty  or  amorj 
coal,  are  preserved,  and  often  strongly  marked. 

The  main  partings  are  perpendicular  to  the  surfaces  of  deposition 
cross  partings  at  different  angles  to  the  same  surfaces,  giving  the  in 
sion  of  a  forcible  bending  of  the  plies,  are  not  uncommon. 

The  specific  gravity  of  one  specimen  which  was  analyzed,  was 
to  be  1.4023;  and  of  anotliisr  1.3628;  the  mean  of  which  gives  tli 
culated  weiglit  of  one  cubic  foot  of  this  coal,  86.41  pounds. 

Forty-eight  trials  in  the  charge-box  gave  the  weignt  of  one  cabi 
53.174  pounds;  being  0.6153  of  the  calculated  weight  from  specific 
ty.  The  space  required  for  stowing  one  gross  ton  will  be  42.126 
feet.  The  minimum  weight  of  a  cubic  foot  was  4S  and  the  max 
55,5  pounds,  as  will  be  seen  by  reference  to  the  columns  of  weigl 
charges  in  the  following  tables. 

The  hygrometric  moisture  in  this  coal,  as  ascertained  by  an  exper 
in  the  large  way  in  the  steaming  apparatus,  was  0.893  per  cent.;  an 
total  volatile  matter  derived  from  the  two  specimens  above  given  w 
a  16.13,  and  fori  16.70. 

The  specimen  a  gave  of  earthy  residuum  9.109,  and  b  7.398  pa 
Hence  the  two  specimens  may  be  considered  to  have  the  following  ] 
mate  constituents,  viz : 

Specimen  a.  Bpeei 

Of  moisture         -  -  .  0.893  -  -  OJ 

Other  volatile  matter  -  -  15.237  -  -  15. 

Earthy  matter      -  -  -  9.109  -  -  7. 

Fixed  carbon       -  -  -  74.761  -  -  76. 


100.  100. 


The  volatile  is  here  to  the  fixed  combustible  as  1  to  4.906  in  th 
and  1  to  4.802  in  the  second  specimen  ;  and  the  mean  is  1  to  4.854 

In  the  five  trials  of  this  sample  under  the  steam-boiler,  there 
burned  4474.5  pounds;  and  the  total  waste  withdrawn,  exclusive 
ashes  from  wood  used  in  heating  up  the  boiler,  was  435.79  pounds, 
to  9.739  per  cent.    Of  this  amount,  142.75  pounds,  or  3.19  per  cen 

f^teri  and  293.04  pounds,  or  6.649  per  cent.,  ashes.     Hence  it  o 
'me  elitiker  constitutes  32.756  per  cent,  of  the  total  waste, 
ittfaes  derived  fiom  the  analyses  of  this  coal  are  moderatelj 
t  nearly  flesh-red  color. 

kM  £nm  Ihe  furnace  is  much  like  that  from  Atkinson  & 
iL 

uUghibiowQ  color,  imperfect  vitrification,  and  adherins 
^  am  hate  aqjaaWy  cous^V&xxo^qa  ^  Va^iiv^  ^as&ft  \ust  cited. 
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I'cighs  36.62,  and  the  aslios  33.57  pounds  per  cubic  fool.  The 
t  by  reincineration  8.419,  and  the  clinker  2.3  per  cent,  of  weight, 
le  total  absolute  waste,  independent  of  the  soot,  is  9.1148  percent, 
four  days' burning,  there  were  withdrawn  from  the  lUies  12.25 
fsoot;  and  subsequently,  after  a  single  day's  operation,  3.5  pounds 
re  collected.  This  material  weighed  at  the  rate  of  24.28  pounds 
:  foot.  It  appears  to  have  produced  but  little  effect,  as  the  evapora- 
rouducted  with  nearly  as  much  economy  on  the  fourth,  as  on  the 
s  experiment.  The  soot  contained  51.41  percent,  of  earthy  matter, 
me  required  to  brin^lhe  boiler  to  a  uniform  rate  of  action  in  the 
il  was  .---.-  1.466  hour. 

1.666    " 
1.5S3    " 

1.5('0    " 

1.400    " 


Mean        -  -  1.6*23    " 


intity  of  coal  withdrawn  from  the  grate,  and  separated,  was  on  an 
only  5.35  pounds. 

ction  of  this  sample,  in  all  its  applications,  will  be  similar  to  that 
umberland  coals  above  described.  Deficient  in  volatile  products 
urposes  of  making  illuminating  gas ;  well  adapted  to  parlor  grates, 
's  forges  where  a  hollow  fire  is  not  required,  and  to  the  manufac- 
ron  in  the  blast  furnace,  either  with  or  without  the  process  of 
its  high  heating  power  will  commend  it  for  all  these  latter  pur- 
nd  if  carefully  mined,  and  kept  free  from  slate  and  other  impurities, 
ustain  the  character  which  this  \?ellselected  specimen  has  been 
to  establish. 

I  of  heating  power  by  the  oxide  of  lead  on  20  grains  of  specimen 
referred  to,  resulted  in  reducing  600.2  grains  of  metallic  lead,  or 
lies  the  weight  of  raw  coal  employed.  As  that  specimen  con- 
.109  jjer  cent,  of  earthy  matter,  the  heating  power  of  the  corn- 
is  expressed  by  Vo Si  =^33.01. 

5  mentioned  the  dilferent  characters  which  the  several  columnar 
>rphous  plies  of  this  coal  present.  In  order  to  illustrate  the  re- 
properties  of  the  two,  I  employed  a  specimen  in  which  the  plies 
iiuar  coal  were  of  rather  unusual  thickness,  and  very  brilliant  in 
ices  of  parting.  From  this  specimen,  a  portion  of  the  colunmar 
illoid  part  gave  of  volatile  matter  l8.2S|)ercent.;  earthy  matter  of  a 
yellow  or  fawn  color  1.754  per  cent.;  and  of  fixed  carbon  79.966. 
rolatile  is,  therefore,  to  the  fixed  combustible  as  1  to  4.374.  The 
tduced  by  this  portion  was  a  bright  intumescent  porous  mass. 
X)wder  of  this  crystalloid  coal  was  of  a  deep  brown  color, 
imorphous  or  slaty  ply  of  the  specimen  gave  of  a  greenish-white 
t.736  per  cent.,  and  of  volatile  matter  15.976.  Hence  the  fixed 
s  69.288;  and  tfie  volatile  to  the  fixed  combustible,  as  1  to  4.337. 
»owder  of  this  portion  of  the  coal  was  nearly  as  black  as  the  solid 
e  coke  far  less  intumescent,  and  its  particles  less  agglutinated, 
ise  of  the  purer  part  of  the  lump.  Twenty  grains  of  the  amor- 
ortion  produced,  when  treated  with  oxide  of  lead,  25.764  times  its 
>f  metallic  lead ;  which,  after  deducting  ashes^  gives  30.216  times 
ht  of  lead  to  1  of  combustible. 
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29 10. 39 
2330.6I 
650. 56 
29.924 
4.846 
0.5727 
0.3866 
480.5 
1620.58 
610.47 

8.803 

10.085 
506.54 

11.1676 
1.4958 
7.3222 

Closed. 

U.      8 


■^ 


adTrid. 
(TshkUX) 


OMflkrS. 

93.1C7 
7.433 
14.07 
377.5 
18.75 
11.0 
1120.5 
1115.0 
5.5 
50.931 
108.603 
7.718 
9.982 
3.44» 
34.485 
9971.0 
630.9 

669.0 

100.0 
954.39 
15.37 

2.538 

2.509 

8.85S9 

8.788 
7.0598 

720.3 
6OO.8 
2210.5 
310O.1 
2320.9 
670. 2 
30.1375 
5.0435 
0.55S5 
0.3^ 
630.3 
1490.2 
850.5 

8.8589 

10.1336 
516.11 

11.2573 
1.4425 
6.5353 

Open. 

IL     8 
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ABLES  LXIX,  LXX,  LXXI,  LXXH,  LXXIII. 
mikM  coal,  {CfORberJand.) 


3d  Trial. 
TM€  LXXL) 


22.383 
7.663 
10.S91 
377.5 
18.75 
8.0 
818.75 
807.0 
11.75 
51.1718 
79.135 
7.689 
10.137 
9.6543 
26.183 
7001.0 
67O.0 

567.0 

78.0 
678.02 
10.848 

1.796 

1.788 

8.5785 

8.567 
7.2856 

730.44 
64^.42 
1980.94 
3040.11 
S30O.72 
70P.O 
29.98 
5.1311 
0.5441 
0.3529 
590.26 
1250.5 
750.19 

8.5631 

9.7686 
499.88 

16.8705 
1.4328 
6.3917 

aoMcL 
u.    e 


4th  Trial. 
(TMeLXXIL) 


(kUhtrl, 

27.333 
4.517 
14.07 
377.5 
18.75 
8.0 
833.75 
829.0 
4.75 
52.109 
113.135 
8.041 
9.6605 
2.9928 
30.979 
7587.0 
670.6 

2780.0 

363.0 
924.11 
14.785 

2.448 

2.467 

8.7141 

8.5 
7.1724 

770.93 
710.5 
2200.64 
3080.29 
2320.71 
720.86 
29.704 
5.185 
0.5383 
0.3664 
680.69 
1420.71 
780.46 

8.6971 

9.9164 
516.73 

10.977 
1.4123 
6.089 

Gloaed. 

0.     4 


5th  Trial. 
{TabULXXIlL) 


^ovetnhcT  16* 

10.667 
2.667 
14.07 
377.5 
18.75 
6.0 
624.25 
622.5 
1.75 
52.0208 
117.592 
8.351 
8.9575 
2.3097 
25.7855 
5320.0 
46O.0 

0.0 

0.0 
1051.544 
16.825 

2.786 

2.725 

8.546 

8.911 
7.3134 

6OO.4 
560.7 
170O.7 
2820.9 
2320.4 
560.8 
30.132 
4.987 
0.5579 
0.35 
530.54 
1100.3 
590.5 

8.546 

9.9233 
516.22 

10.8997 
1.441 
6.5126 

Closed. 

U.     8 


Averages. 


5.35 

51.2919 

107.092 

8.0226 

9.6864 

3.0455 

31.3849 


935.849 
14.973 

2.479 


8.6989 

8.7gl4 
7.1862 


2080.68 
2990. 36 


Remarks. 


0.3677 

1380.06 
720.02 

8.6924 

9.9654 
511.096 

11.0344 
1.4449 
6.5701 


It  will  be  remarked  that  the  size 
of  the  nate  in  the  3d  trial  was 
much  fees  than  in  either  of  the 
others — ^reduced  by  rows  of 
bricks  on  the  sides.  No  ad- 
yantace  appears  to  have  at- 
tended this  alteration,  as  will 
be  seen  bv  consulting  the  de- 
ductions oelow,  linea  40,  41, 
42,  and  43. 


The  5th  experiment  was  brought 
entirely  to  a  close  and  the  wa- 
ter level  adjusted,  before  leaT- 

of  trial. 


The  open  air-plate  appears  to 
have  produced  some  advan- 
tage m  the  2d  trial  of  this 
sample. 


ft  I 
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No.  6.  :.  j 

Bituminous  coal  from  Cumberland,  procured  fir  U9e  in  Jktmmjfftid   1 

This  is  the  same  sample  of  Cumberland  coal  from  which  wen  total  i 
the  four  charges  used  iu  making  mixtures  with  Beaver  Meadow  IB-  \ 
thracite,  as  already  detailed.  -     ; 

The  only  separate  experiment  made  with  this  coal  waa  in  one  oCfa  ! 

Ereliminary  trials  of  the  apparatus.  In  that  trial,  the  coal  wai  usad  k  ; 
eating  up  the  boiler,  as  well  as  in  generating  steam.  No  decisive  Mrit ; 
could  be,  with  confidence,  deduced  from  that  trial ;  and  I  therefore  afastoit  J 
from  any  other  than  a  general  exhibition  (in  the  synoptical  table  wUdi  j 
follows  this  class  of  coals)  of  such  points  as  were  determined  by  woA^ 
sis,  and  such  as  an  examination  of  the  residua  of  the  combaatioii  miririei  I 
me  to  offer.  It  will  not  fail  to  be  observed  that  the  total  iMwIa  fiom  thii  | 
sample  was  more  than  that  fiom  any  of  the  samples  tfefil/orlrttil fin] 
the  Cumberland  region.  The  five  samples  thus  sent  gave  an  average  of  j 
9.939  per  cent  of  waste,  including  clinker  and  ashes;  while  the  eorfl 
furnished  to  the  yard  gave  14.626  per  cent  A  similar,  or  greater,  dift^  | 
ence  will  be  hereafter  observed  between  the  impurity  of  a  sample  of  Mid- j 
lothian  coal  purchased  for  use  in  the  yard,  and  all  the  samples  of  the  sm  j 
coal  sent  by  the  company  for  these  trials.  This  observation  points  lo  dni 
necessity  of  greater  vigilance  in  mining,  and  more  caution  in  poiehniBg  J 
coal.  I 


No.  7. 


Bituminous  coal  from  the  Dauphin  and  Susquehanna  Coal  Oompmnfif 
Pennsylvania^  sent  by  Isaac  Lea,  esq,j  of  Philadelphia. 

The  following  statement,  relative  to  the  origin  of  this  sample,  is  eoa* 
tained  in  a  letter  received  by  the  undersigned,  and  dated 

^<  Philadelphia,  August  18, 184SL 

<<  Dear  Sir  :  I  have  just  heard  of  the  shipment  from  Dauphin  of  thm 
hogsheads  and  one  barrel  of  the  <  Dauphin  or  Stony-creek  coal.'  It  goes 
to  the  care  of  Mr.  N.  Hickman,  Baltimore,  with  directions  to  forward  it 
to  Commodore  Kennon,  as  you  requested. 

<'  I  ordered  it  to  be  taken  out  of  <  Perseverance  vein,'  wishing  to  send 
you  fresh  coal ;  but  have  some  fears  that  it  may  not  have  been  as  wcD 
mined,  or  as  well  selected,  as  it  ought  to  have  been, as  there  was  no  legn* 
lar  miner  on  the  spot 

<<  I  beg  that  you  will  make  all  allowance  for  any  defect  that  may  anss 
from  the  circumstances — preferring  to  have  no  report  rather  Ihan  sue 
which  might  deteriorate  from  the  character  already  established. 

<<  You  have  my  best  wishes  for  a  satis&ctory  termination  of  ]|foiir  pieKQt 
arduous  duty. 

"  Very  respectfully, 

^  "  ISAAC  USA 

^^PiTofissor  Walter  R.  Joh»bo«?^ 
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verbal  statement  afterwards  made,  Mr.  Lea  mentioned  that  his 
ove  referred  to,  in  regard  to  the  selection  of  the  sample,  were  sub- 
)y  ascertained  to  be  in  a  measure  justified  ;  and  that  a  part  of  it, 
of  being  freshly  mined,  had  in  fact  been  taken  from  a  heap  which, 
n  for  two  or  three  years  lying  near  the  mouth  of  the  pit 
sxieiior  aspect  of  this  coal  is  more  anthracitous  than  bituminous, 
es  frequently  follow  the  surfaces  of  deposition;  striated  and  very 
faces  oblique  to  those  surfaces  not  unfrequently  occur.  A  set  of 
faces,  forming  the  main  partings,  appear  to  observe  the  general  in- 
II  of  SO^  and  100°  to  the  surfaces  of  deposition.  Alternating  plies 
It  and  dull  black  present  themselves  conspicuously  in  the  direc- 
the  cross  partings,  but  they  are  less  strongly  marked  than  in  the 
rland  coals. 

specific  gravity  of  one  specimen  of  this  sample  was  found  to  be 
and  of  another  1.4431.  The  mean  of  these  gives  the  calculated 
per  cubic  foot  97.5  pounds;  whereas  twenty-six  trials  in  the 
yox  gave  a  mean  of  50.538,  varying  from  46  lo  65  pounds  as  the 
s,  or  0.5IS4  of  the  calculated  weight.  The  space  required  to  stow 
44.323  cubic  feet. 

inalysis  of  the  two  specimens  of  this  coal,  of  which  the  specific 
has  been  given,  showed  the  first  to  contain  0.582,  and  the  second 
•r  cent,  of  moisture. 

e  steam  drying  apparatus,  28  pounds  lost  in  three  days  only  2 
or  0.4464  per  rent. 

volatile  ingredients,  other  than  water,  in  the  first  specimen  were 
and  in  the  second  12.776.  The  coking  gives  a  considerable  in- 
f  bulk,  and  the  coke  is  tongh  and  coherent.  The  gas  bums  with 
yellow  liame. 

to  other  specimens  of  this  samite,  four  experiments  were  made  by 
g,  which  afforded  a  mean  of  14.562  percent,  of  volatile  matter; 
mean  of  the  six,  including  the  two  on  my  own  specimens,  is 
Besides  these  trials,  made  expressly  to  determine  the  proportion 
ile  matter,  and  performed  in  close  vessels,  a  set  of  four  uials  was 
hile  performing  the  incineration  of  the  first  specimen,  of  which 
It  was  14.67  per  cent. 

bur  experiments  jnsl  referred  to  proved  the  earthy  matter  of  the 
cimen  to  be  17.94 ;  and  eight  others,  on  the  second  specimen, 
.09  per  cent  of  the  same  materials.  The  ashes  are  bulky,  slightly 
nd  of  a  bright  fiiwn  color. 

f^wice  of  a  considerable  portion  of  oxide  of  iron  is  indicated  by 
**  Of  iImm  Mhei,  and  becomes  further  apparent  during  the  com- 
°"  »l>e  gmie. 

^  triais  under  the  boUer,  there  were  consumed  of  this  coal  2567.6 
(  323.66  pounds :  whence 
BUer  12.668  per  cent,  of  the 
"    *  1  16.236  per 
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The  proportion  of  sulphur  in  specimen  a,  ascertained  in  the  rnamiec 
already  described,  was  0.269  per  cent  Hence,  admitting  the  folatilfl 
matter  to  have  been  correctly  ascertained  by  the  above  ezperimenSS|  we 
obtain  for  the  composition  of  the  Dauphin  coal — 

Waierj  as  proved  in  the  large  apparatus  .  •  -    0.446  per  oeot 

Sulphury  by  trial  on  one  specimen  .  .  •    0.269      " 

VokUile  mattery  other  than  above  (by  6  trials)  -  -  13.677      " 

Earthy  matter,  from  the  furnace  operations  -  -  11.494      *' 

Carbon,  not  volatiiizable  by  heat  alone    .  -  -  74.214      ^ 

100. 


The  clinker  weighs  32.25  pounds  per  cubic  foot ;  is  chiefly  of  a  red- 
dish-brown color  with  some  yellowish -white  portions ;  is  porous,  and 
often  has  large  adhering  fragments  of  slaty  matter,  but  litde  vitrified. 

The  ashes  weigh  44.62  pounds  per  cubic  foot,  have  a  slie;ht  tinge  of 
redness,  and,  when  reduced  to  powder,  become  almost  perfecdy  black 
from  the  unburnt  coal  which  they  contain. 

After  three  days*  burning,  the  flues  afibrded  5|  pounds  of  soot  and  dust, 
weighing  at  the  rate  of  12.46  pounds  per  cubic  loot ;  which  obviously  had 
but  little  effect  in  impeding  the  passage  of  heat  into  the  boiler,  since  the 
efficiency  of  the  pound  of  fuel  was  higher  on  the  second  day  than  it  had 
been  on  the  first ;  and  the  gas  entered  the  chimney  at  a  lower  tempera- 
ture on  the  third  day  than  on  either  of  the  preceding. 

This  coal  takes  fire  promptly.  The  time  elapsed  between  the  com- 
mencement of  charging  with  coal,  and  the  establishment  of  the  rate  of 
steady  action,  was  on  the  first  trial  0.75  hour,  on  the  second  0.66,  and 
on  the  third  1.08 ;  or,  on  an  average,  about  0.83  hour,  or  60  minutes.  The 
average  weight  of  unburnt  coke  left  on  the  grate  afler  each  trial  was 
23.67  pounds. 

In  the  smith's  fire,  the  coal  worked  moderately  well,  but  presented  the 
objectionable  feature  of  giving  a  large  amount  of  cinder.  Sixty  pounds 
were  found  sufficient  to  make  nine  links  of  a  chain  li  inch  in  diameter. 
The  sample  was  too  small  to  afford  an  opportunity  of  making  all  the 
trials  which  might  have  been  desirable.  No  trial  is  recorded  as  having 
been  made  in  the  office  grate ;  but,  from  the  characters  it  exhibited  in  the 
furnace,  no  reasonable  doubt  can  be  entertained  of  its  proving  satis&ctory 
for  domestic  purposes. 

A  sioffle  trial  of  heating  power  by  the  oxide  of  lead  on  specimen  a 
jrielded  26.325  times  its  weight  of  metallic  lead.  Deducting  18.625  per 
cant,  the  sum  of  its  earthy  matter  and  moisture,  this  gives  to  1  of  com- 
^         te  A  MdQctiva  power  of  31 .083. 

M    W  laUes  exhibit  the  mode  of  action  of  this  coal  under  the 
vbeeqaent  table  of  deductions  exhibits  all  the  important 
ih  they  lead. 

it  interesting,  as  illustrating  the  passage  of  Uie  an* 
lokti  near  their  southwestern  termination,  into 
character.    In  undergoing  the  process 
llWitly  agglutinated  together,  still  retain- 
Muins.    The  coke  is  tough ,  and  has  a 
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!oTB. — ^Uoder  date  of  May  22, 1844,  Mr.  Lea  gave  the  followiog  infer- 
ion: 

Dear  Sir  :  I  hear  to-day  from  the  person  who  procured  the  coal  sent 
ou  from  Perseverance  vein,  in  the  Dauphin  Coal  Company's  lands, 
.  there  was  not  a  single  pound  of  it  mined  for  the  purpose  of  sending 
ou,  agreeably  to  my  orders ;  but  that  the  whole  of  it  was  raked  out  of 
heap  of  rubbish  which  had  been  lying  at  the  mouth  of  the  drift /or 
»  yetMTSj  exposed  to  the  ice  of  winter  and  heat  of  summer;  and,  of 
rse,  deteriorated.  I  expressly  ordered  it  to  be  mined  fresh  for  the  trial ; 
I  am  told  to-day  that  ^  there  was  not  a  pick  put  into  the  vein  for  the 
pose.^ 

"  I  am,  very  respectfiilly,  your  obedient  servant, 

'<  ISAAC  LEA. 
Professor  W.  R.  Johnson." 
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JJUrWA  COMPAMT'S  (BITUMINOUS)  COAL. 
tmttiroimiitiocMmney,  and amatt  Jitmact  in  adim. 
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REMARKS.— Oreie  sarTace  14.07  sqaait  Trtt;  lenph  of 

circuiioi'lieatedgB£e$121fc«i]  beighiorchimacf^fect. 

e.3D 

G8.e 

6S.S 

63 
TO 

—  8 
+19 

34 

36 
48 

3.511 

3.681 
3.353 

Coranwnced  Bring;  waier  0.35  inch  Irclow  normal  leveli 
momingclcnri   wind  SW.,  light;  wood  consumed,  30/ 

8ieiim'blowsoa-al6i.4^.lro. 

Fire  very  aciive;  coal  burnR  wiih  a  clear  yeilow  flame ; 
swells  and  craclis  in  coking,  but  does  nol  eiihersggla- 
liOBieor  fail  inio  "slack;"  very  free  barning;  weigbi 
oo  the  i-alvea  eqaaliwd. 

Grate  raiber  overcharged;  [oo  much  aclion  excited;  smoke 

at  chimney  top.  • 
PilUdlaDkpBrLlyal9*.30m.a.m. 
Cool  in  grate  reduced;  proper  action  re-established. 
Pilled  tank  Bi  9A.  50m.  a.  m. 
WindNW.,lighl;  daysomewholobscuiedbflighlcloads. 

Smoke  15 seconds  in  reaching  chimney  fop;  lower  damper 
open  8  inches;  syphon  0.34,  with  upper  damper  S 
inches  99  seconds;  commenced  drawing  gases  from 
lower  opening  at  ttl.  35n.  p.  m. ;  drew  in  30  minales 
100  cubic  inches,  which  gave  waier  1.33  grain,  car- 
bonic acid  4,76  grains,  o\jgea  I3.2J  cubic  inches. 

Dew  point,  by  observation,  73'>. 

Wind  NW.,  clear ;  cloudy  arooud  the  borizoD. 

6U 
1.35 

69.4 
TO.O 
70.0 
G9.6 

10.7 
■H.7 

73.3 
7il.7 
73.1 
73.3 
73.0 
T3.0 

■a.3 
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65.5 
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U.tD 
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63 
65 

Tfl 
56 
56 
56 
58 
50 

43 

33 
36 
37 
43 

43 

a.  983 

3.3au 

4.577 
3.622 
1.976 
3.335 
8.707 
1.854 

1.637 

1.S38 
3.707 
2.336 
1.891, 
3.357 

77.0 

74.7 

73.S 
69.9 

184 

184 

134 
193 

30 

9 

-SO 
—21 

1.393 

Filled  lanlt  at  3A.  K'n.  p,  m.;  contents  of  ash  pit  put  oq 

graie;  damper  redaced  to  5  inches. 
Water  al  05  inch  above  normal  level;  filled  lank  at  4A, 

45™.  p.  m. 

Water  in  boiler  adjusted. 
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HAXNA  COUPANTS  (BITUMINOUS)  COAL, 
■li^  tSrawn  into  cAtMney,  and  muBfiimace  in  action. 
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Wood  conjoined,  85  lbs.;  commenced  chaigtng  wiih  coat; 
mnrninKeleai;  wind  SW.,  light. 
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opened. 
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2.351 

Ibis  fel,  U  probably  ineorrecl  from  some  (rsn.ient 

ia.00 
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cause,  as  in  a  few  niinnies  afler  they  were  92°,  IT  = 
dew  point,  75'>.3. 

TO.7 

148 

58 

2.087 

AlighibrowQ.tmoke,  lasting  2 01  3  TBiBatea,  at  chimney 
ropndercharKing. 

uu 

75.e 

150 
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1.983 

Dew  noini,  by  observation  73^. 

Win.!  S  W.,  brisk;  cleat;  clouds  around  the  horlion;  filled 

71.0 

151 

73 

3.70* 

lenliat  lU.  53n, 

0.10 

13.S 
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1.896 

Commenced  drawing  gasea  from  lower  6ae  at  01.  ISm.; 

74.0 

149 

a.70i 

dri-w  in  56  minutes  80 cubic  inches,  which  gave  waicr 

i.lo 

74.7 

148 

68 

3.633 

1.01  grain,  carbonic  acid  4.21  gralUK,  oiygeo  11.11 

71.3 

158 

68 

2.076 

cubic  iticbes. 

lis 

71.3 

161 

70 

8.97B 

""- 

TB.'o" 

"m" 

'■«' 

'i.Bn 

Air  plates  closed;  conienisof  ash  pit  thrown  on  grate; 
damper  set  ol  4  inches. 

- 

71.3 

174 

13 

- 

Water  left  at  0.4  inch  above  normal  level. 

71.8 

13a 

-15 

Water  in  boiler  0.3  inch  below  normal  level. 

74.0 

134.5 

-13 

- 

Water  in  boiler  ad  juried. 
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A  COMPAinrS  (BITUMINOUS)  COAL. 
ioaai;  iteam  Ib-mm  out  ft  back  ttahe. 
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Wood  cimwrn^d  72.5  lbs.;  morning  clear;  wind  NW„ 

30 

2.115 

Steam  blows  ulT;  damper  set  lo  4  inches. 

13.3 

103.5 
133 

Filled  tank  at  7*.  7in. 

ra.5 

3*2 

3,03fl 

133 

ni  1 
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1.813 

Fire  in  steady  mode  rate  action. 
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i.OfiS 

26 
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179 
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37 
33 

i.e3'2 

1.637 

Dew  poinl  in  free  air,  by  obserTStion,  73" J. 
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l.'WO 

38  lbs.  of  this  coal,  ader  being  dried  in  ■pparaia)',  weighed 
37  lbs.  U  oz. 

n  I 

m 

I.Tfin 

drew  80  cabii:  inrhes  in  31  minutes,  which  nve  water 
0.9  grain,  carbonic  acid  4.17  eraiaK,  oiygen  9.074  cubic 
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inches;  lemperaiarc  at  hath  95°. 
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SI 
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m 
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0 

Damper  closed,  and  air  port  stopped. 
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Water  0.35  inch  belo*  normal  lerel. 
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Water  in  boiler  scijasted. 
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TABLE  LXXTm^DEDDCnGH 
E^gmmenU  €n  Daiflikml] 


Nature  of  the  data  furnished  by  the  respective  tables*- 


IstTriid. 
(TWeLXXr.) 


1  Total  duration  of  the  experiment,  in  hours 

2  Duration  of  steady  action,  in  hours        ... 

3  Area  of  grate,  in  souare  feet       .... 

4  Area  of  heated  surface  of  boiler,  in  square  feet  - 

5  Area  €^  boiler  exposed  to  direct  radiation,  in  square  feet 

6  Number  of  charges  of  coal  supplied  to  j^te 

7  Total  weisht  of  cool  supplied  to  grate,  m  pounds 

8  Pounds  of  coal  actually  consumed  ... 

9  Pounds  of  coal  wi^drawn  and  separated  after  trial 

10  Mean  weieht,  in  pounds,  of  one  cubic  foot  of  coal 

11  Pounds  of  coal  supplied  per  hour,  during  steady  action  ' 

12  Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 

13  Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 

14  Pounds  of  clinker  alone,  from  100  pounds  of  coal 

15  Ratio  of  clinker  to  the  total  waste,  per  cent. 

16  Total  pounds  of  water  supplied  to  the  boiler 

17  Mean  temperature  of  water,  in  degrees  Fahrenheit 

18  Pounds  of  water  supplied  at  tlie  end  of  experiment,  to 

restore  level    ------ 

19  Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment,  m  pounds        .  -  -  - 

SO     Pounds  of  water  evaporated  per  hour,  during  steady  action 

21  Cubic  feet  of  water  per  hour,  during  steady  action 

22  Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation         -  -  -  - 

23  Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations   ------ 

24  Water  evaporated  by  1  of  cool,  from  initial  temp,  (a) 

final  result      ------ 

25  Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

26  Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

27  Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  .  -  -  - 

28  Mean  temp,  of  wet  bulb  thermom.,  duringsteady  pressure 

29  Mean  temperature  of  air,  on  arriving  at  the  grate 

30  Mean  temperature  of  gases,  when  arriving  at  the  chimney 

31  Mean  temperature  of  steam  in  the  boiler 

32  Mean  temperature  of  attached  thermometer 

33  Mean  height  of  barometer,  in  inches      ... 

34  Mean  number  of  volumes  of  air  in  manometer  - 

35  Mean  height  of  mercury  in  manometer,  in  atmospheres 

36  Mean  height  of  water  in  syphon  draught-gau^,  in  inches 

37  Mean  temperature  of  dew  point,  by  calculauon 

36     Mean  gain  of  temperature  by  the  air,  before  reaching  grate 

39  Mean  difference  between  steam  and  escaping  gases 

40  Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern        ...-.- 

41  Water  to  1  of  coal,  from  212P,  corrected  for  temperature 

•f  water  in  dstem     .  .  .  .  - 

49     Founds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
A3     Water,  from  212^,  to  1  pound  of  combustible  matter  of 
tnefuel       --.--. 

44  Mean  pressure,  in  atmospheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 

46  Condition  of  the  air'plates,  at  the  furnace  bridge 

47  Indks  opening  of  damper,  (U.  upper)   ... 


24.833 
6.917 
14.07 
377.5 
18.75 
10.0 
1005.75 
988.25 
17.50 
50.2875 
103.99 
7.319 
15.348 
3.9565 
25.778 
8189.0 
80O.9 

160.0 

20.0 
926.54 
14.824 

2.454 

2.506 


SdTmL 
(TsUtLXZPl) 


33.01 
6.50 
14.07 
377.5 
18.75 
9.0 
904.75 
885.5 
19.25 
50.32i 
97.0 
6.894 
16.275 
3.6635 
22.509 
7690.0 
86P.5 

S30.0 

28.0 
853.9 
13.60 

2.263 

2.299 


8.267 
8.909 

8.6» 

8.B03 

7.5602 

7.233 

91°.  31 

940.19 

770.03 

780.84 

2220.39 

2300.94 

2800.56 

2970.53 

2320.06 

232O.0 

860.97 

890.03 

30.109 

30.053 

5.233 

5.240 

0.5342 

0.5331 

0.2821 

0.2993 

720.67 

740.56 

1310.08 

1380.75 

50O.928 

670.73 

8.2353 

8.6154 

9.2835 

9.6652 

466.84 

486.37 

10.967 

11.544 

1.4234 

1.4271 

6.2533 

6.3077 

Closed. 
U.     8 

Open. 
U.     8 
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>M  TABLES  LXXV,  LXXVI,  LXXVII. 
mehmna  Cowfanif't  coal. 
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11^  S9. 

25.417 

5.75 

14.07 

377.5 

18.75 

7.0 

717.5 

aB3.25 

■ 

34.35 

23.67 

The  Blow  combustion  in  the  3d  trial,  carried  on  with  a  damper 

51.25 

50.6198 

drawn  but  four  inches,  appears  in  this,  as  in  manv  other  in- 
stances, to  have  caused  the  eariy  extinction  of  the  ore,  leaTiiig 

89.7S2 

96.904 

6.377 

6.863 

nearly  double  as  much  unbumt  coke  on  the  grate  as  in  either 

17.467 

16.363 

of  the  other  two  experiments. 

2.8853 

3.5018 

16.518 

21.602 

S564.0 

83O.0 

238.0 

28.0 

727.131 

835.857 

11.634 

13.353 

1.926 

2.214 

1.887 

8.1024 

8.3408 

8.103 

8.605 

More  coal  appears  to  have  been  burned  during  the  period  of 

7.7138 

7.499 

steady  action,  in  the  1st  and  2d  trials,  than  was  actually  put 
upon  the  grsite  in  the  same  time.    This  is  easUy  accounted 

J6P.38 

for,  by  the  fact  that  the  large  amount  of  waste  left  on  the 

800.35 
257O.0 

2360.78 

grate  augmented  the  apparent  bulk  of  the  Aid  at  the  end  of 
tnattime. 

2610. 17 

2790.75 

S3P.31 

9IO.08 

29.936 

5.300 

0.527 

• 

O.20O9 

0.2607 

.760.0 

1000.62 

1420.82 

99^.8 

490.486 

8.0692 

o.3uo6 

9.0798 

9.3428 

465.34 

472.85 

11.0014 

11.1708 

The  eomimMU  matUr  of  this  eoal  has  a  rery  high  evapoimtiTe 

1.4143 
6.1184 

1.4216 
6.2265 

power,  though  the  larse  proportion  of  wcife,  as  seen  in  line 
13,  detracts  considerably  mm  itti  effideney  as  a  ftid. 
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Biiuminous  coal  from  Blassburg^  Tioga  emmijf^  Pa.j  mkI  iff  lb  Adm 

Coal,  Company. 

The  following  letter  contains  the  information  reqniied  by  the  depst- 
ment  to  accompany  each  sample  of  coal  furnished  for  trial  in  duM  cat- 
periments : 

«<  Blobsbubo,  Jme  24,  ISA 

^<  7b  /&«  Board  of  Commissioners  of  the  Navy  Department : 

'<  Gentlemen  :  In  accordance  with  an  advertisement  published  by  d» 
department  in  the  Commercial  Advertiser,  New  York,  of  April  14th,  SSH^ 
calling  upo;i  proprietors  of  mines,  and  others  furnishing  fiiel,  to  forwards 
quantity  of  the  niel  they  respectively  furnish  to  Washington  for  trial,  the 
Arbon  Uoal  Company  have  desptched  to  the  navy -yard,  at  Washingtoa, 
two  tons  of  the  coal  Worked  at  tneir  mines,  for  the  above  specified  objectii 
This  coal  was  worked  in  the  month  of  January,  at  the  mines  belongii^ 
to  the  companv,  and  situated  in  Blossburg,  Tioga  county,  Pennsylvnii, 
and  has  been  lying  exposed  to  the  weather  till  packed  for  ezportatioD, 
May  12th,  1842.  it  forms  a  fair  sample  of  the  quality  of  the  coal  oon-  \ 
stituting  Uie  vein  they  now  work.  It  is,  on  an  average,  three  feet  in  thidE>  jl 
ness,  pure,  and  of  very  superior  quality.  It  is  mined  and  filled  into  tbs  -i 
railroad  cars  directly  at  the  openings,  is  sent  to  Coming,  and  diere  tipped  ^ 
into  the  canal-boats,  which  proceed  through  the  Chemung  canal  to  ths  j 
New  York  and  Erie,  and  so  on  to  Albany  and  New  York,  where  it  wonU  ' 
be  most  convenient  to  deliver  any  quantities  that  may  be  contracted  for. 

'^  I  take  pleasure  in  signing  myself  your  very  obedient  servant, 

"J.W.JOHNSTON, 
^^Superintendent  of  Arbon  Coed  Oompany? 

The  exterior  characters  of  this  coal  are  a  columnar  structure,  with  the 
main  Dartings  inclined  to  the  surfaces  of  deposition,  in  angles  varying 
from  80  to  85  degrees.  The  color  is  a  deep  snining  black,  with  but  iew 
plies  of  a  dull  aspect.  The  horizontal  partings  are  in  some  instances 
marked  with  efflorescent  sulphate  of  iron,  the  presence  of  which  is  easily 
recognised  by  the  senses.  This  efflorescence  of  the  sulphuret  into  the 
sulphate  appears  to  be  the  chief  cause  of  the  disintegration,  more  or  less 
rapid,  of  the  different  coals  in  which  it  takes  place. 

The  specific  gravity  of  one  specimen  examined  was  found  to  be  1.3836, 
and  that  of  another  1.9542.  The  latter  doubtless  contained  an  undue*pro- 
portion  of  sulphuret  of  iron.  Admitting  the  first  to  be  a  fidr  average  re- 
suit,  the  weight  of  a  cubic  Toot  will  be  82.73  pounds.  The  weight  m  its 
merchantable  state,  as  determined  by  41  trials  in  the  charge-box,  wasfiom 
49.625  to  57.25  pounds,  and  on  an  average  53.048  pounds  per  cubic  fcot  It 
follows  that  the  space  required  for  stowing  one  ton  will  be  42.231  cubic  feet 

The  moisture  expelled  from  specimen  a  was  0.768,  and  that  fiom,  h 
0.683  per  cent 

From  28  pounds  dried  in  the  steaming  apparatus,  6  ounces  of  moistoie 
were  expelled,  or  1.339  per  cent. 

In  addition  to  the  moisture,  a  heat  of  bright  ignition  -  expelled  fiom 
specimen  a  12.214  per  cent  of  volatile  matter,  and  fiom  b  VtJTt. 

Two  other  specimens  afforded  to  Dr.  King  a  mean  of  16.26  per  cent 
of  volatile  matter  *,  and  the  mean  of  ^  \h^  txials  ^ves  the  total  votalib 
matter  of  this  coal  16.119  per  cenl« 
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The  sulphur  in  specimen  a  was  found  to  be  0.863  per  cent. 

Four  trials  on  the  incineration  of  each  specimen  gave  for  a  5.40,  and 
fcr  6  13.246  per  cent  of  ashes.  Before  the  incineration  was  complete, 
the  last  specimen,  when  withdrawn  from  the  muffle,  was  found  to  emit  a 
very  strong  odor  of  sulphurous  acid.  The  ashes  produced  at  the  lowest 
temperature  were  of  a  purplish -gray  color;  those  which  had  been  more 
strongly  heated,  were  oi  a  deeper  red,  and  had  small  masses  of  oxide  of 
iron  scattered  through  them.  The  ashes  of  specimen  b  were  of  an  en- 
tirely different  character — being  grayish-white,  and  more  dense  than  those 
of  the  other. 

In  burning  4,295  pounds  of  this  coal,  there  were  produced  of  ashes 
890.46,  and  of  clinker  189.76  pounds ;  or  the  former  was  6.763,  and  the 
latter  4.418  per  cent  of  the  coal  burned — the  total  waste  being  11.181 
per  cent 

The  clinker  is  of  a  dark  brown  color,  having  fragments  of  slaty  residua 
intermixed,  not  remarkably  porous,  and  considerably  agglutinated.  It 
veighs  30.87  pounds  per  cubic  foot  The  ashes  weigh  44.6  pounds. 
The  reincineration  of  ashes  and  clinker  proved  that  the  former  had  em- 
braced 8.364  per  cent,  and  the  latter  0.436  per  cent  of  combustible; 
whence  the  absolute  quantity  of  incombustible  ingredients  is  10.597  per 
cent 

The  composition  of  the  coal  may  be  thus  stated : 

Moisture       .....        1.339  per  cent 

Sulphur 0.863      « 

Other  volatile  matter  -  -  -  13.927      " 

Earthy  matter  ....  10.773      " 

Fixed  carbon  ....  73.108      " 


100. 


After  four  days'  operations  in  burning  this  coal,  there  were  obtained  of 
loot  14  pounds,  weighing  at  the  rate  of  12.06  pounds  per  cubic  foot  This, 
vhen  incinerated,  gave  7.583  pounds  of  ashes,  or  0.176  per  cent  of  the 
coal  which  is  included  in  the  earthy  matter  above  given. 

For  the  purposes  of  working  iron,  this  coal  will  be  found  well  adapted 
vrhere  a  large  hollow  fire  is  not  required.  Sixty  pounds  of  it  were  found 
sufficient  to  make  10  links  of  a  chain  If  inch  in  diameter.  For  do- 
mestic purposes  it  will  be  equally  appropriate,  where  a  lively  fire  of  me- 
dinm-sizea  flame  is  desired,  and  where  a  high  intensity  of  combustion  is 
not  necessary.  If  used  in  close  stoves,  or  house-heating  furnaces,  the 
amount  and  character  of  its  residuum  will  probably  be  found  to  interfere 
with  a  satis&ctory  application. 

This  coal  takes  fire  promptly ;  60.5  minutes  was  the  mean  time  re- 
quired by  it  to  bring  the  boiler  to  regular  action,  after  the  commencement 
of  charging.  It  also  burns  up  tolerably  clean ;  having,  as  will  be  seen 
lAom  the  table  of  deductions,  left  on  an  average  only  13.76  pounds  of  uu- 
bumt  coke  after  each  trial. 

An  experiment  by  the  oxide  of  lead  on  specimen  a,  above  analyzed,  re- 
tultdl  in  reducing  30.786  times  the  weight  of  coal  employed.  Deducting 
the  earthy  constituents,  this  gives  32.642  of  lead  to  1  of  combustible  \£a.v 
lvofth0eoaL 
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Area  of  heated  surface  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weig;ht  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  witiidrawn  and  separated  aAer  trial 
Mean  weiglit,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Touil  woj^tc,  aslies  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  tenij)eniture  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level    -.-.-- 
Deduction  f(»r  temperature  of  water  supplied  at  the  end 

of  experiment,  m  pounds       .  .  -  - 

Pounds  of  water  evaporated  {)er  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  cf  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation         .  .  .  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations   ---.-- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       -.-.-- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  1  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -     •      - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thennometer 
Mean  height  of  barometer,  in  inches      .  -  - 

Mean  namber  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres  - 
Mean  hei^t  of  water  in  syphon  draughtrgau^,  m  inches 
Biean  tanpemtnre  of  dew  point,  by  calculation  - 
Mean  sain  of  tempenture  by  the  air,  before  reaching  grate 
qifpHiee  Mtween  ateam  and  eacaping  gases 
**  ^  *f  ootl,  oomated  for  temperature  of  water 

niaJllS^  eorreeted  for  temperature 
«^.bouiMr  -  -  - 

Pt  IP  1  cafaic  foot  of  coal 
OVM  of  eombuatible  matter  of 


V  pbore  atmoaphere 
bridge 


Ist  Trial. 
(TA.LXXXjr.) 


June  23. 

24.50 
8.583 
14.07 
377.5 
18.75 
10.0 
1099.5 
1041.72 
57.78 
54.975 
90.029 
6.398 
15.712 
2.9461 
18.75 
8403.0 
850.2 

73.0 

9.0 

793.86 

12.7 


2d  Trial 
(TA,LXXXf.) 


\ 


8.0234 

9.0112 
495.39 

10.691 
1.4263 
6.2956 
Closed. 
U.      10 


Jmii^ 


29.333 

7.0 

14.07 
377.5 

18.75 

9.0 
992.25 
979.07 

13.18 

55.125 

94.714 
6.7317 

15.905 
3.9533 

24.854 
8064.0 
82^.6 

470.0 

60.0 

853.  t^7  ' 
13.66    , 


2.103 

2.262 

2.111 

2.361 

8.0578 

8.175 

8.818 

9.015 

7.7565 

7.6453 

850.84 

850.47 

730.42 

750.94 

2430.32 

24fc<0.19 

2780.29 

3110.6 

2310.84 

2310.5 

820.84 

820.47 

30.06 

29.904 

5.192 

5.174 

0.5378 

'O.5401 

0.292 

0.3443 

68O.88 

720.83 

1570. 48 

1620.72 

480.2 

790.46 

8.1415 

9.1643 
505.18 

10.8976 
1.4318 
6.3763 

Open. 

U.     10 
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FROM  TABLES  LXXXIV,  LXXXV,  LXXXVI. 
cnA  {Pennsyhanta)  coal. 


3d  Trial. 
(TALXXXVL) 


26.35 
9.25 
14.07 
377.5 

18.75 
10.0 
1120.25 
1052.46 
67.79 
56.012 
82.263 
5.847 
19.143 
2.8666 
15.079 
8121 .0 
820.4 

730.0 

90.0 
626.421 
10.023 

1.659 

1.695 

7.6307 

7.615 
8.1916 

840.19 
720.76 
2250.86 
2670.52 
2290.95 
8I0. 19 
30.034 
5.234 
0.5335 
0.227 
680.55 
1410.67 
390. 18 

7.6002 

8.5565 
479.27 

10.5822 
1.4125 
6.0921 
Open. 
U;  5 


46.25 

55.371 

89.002 

6.3256 
16.920 

3.262 
19.568 


758.046 
12.128 

2.008 


7.9545 

8.4827 
7 .8645 


2390.12 
2850.80 


0.2878 

1530. 96 
550. 61 

7.9217 

8.9107 
493.28 

10.7236 
1.4235 
6.2547 


Remarks. 


With  a  5-inch  damper,  "  throttling^*  to  some  extent  the  flues,  the 
combustion  leA  67.79  lbs.  of  unbumt  coke:  on  the  2d  trial, 
with  a  10-inch  damper,  the  quantity  leA  was  but  about  one- 
fiflh  ae  much. 


The  large  amount  of  waste  caused,  doubtless,  an  orer-estimate  of 
the  coal  on  the  grate  at  the  end  of  the  period  of  steady  action. 


With  the  air-plate  open,  the  gases  arrived  at  the  chimney  330 
hotter  than  with  tnat  plate  closed,  as  witnessed  in  a  similar 
case,  while  trying  the  preceding  sample. 


/ 


From  the  43d  line,  it  should  seem  that  a  slight  advantage  in  point 
of  economy  was  derived  from  the  use  of  the  o^^eiv  «ix^\ftSifo% 
as  the  2d  trial,  in  which  that  arran^emeQl  'wva  ^Qi^\»^^^^ 
a  greater  result  in  water  to  1  of  com\)\u<^SA»^^«si\»OL\*«ft^ 

obtained  on  the  in  tnnl. 
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No.  10. 

Bituminous  coal  from  Quints  ri/fi,  Clinton  county^  Pennsjflvamiaj  Mn(/or 

trial  by  Messrs.  McDonald  Sf  Hallenback. 

This  sample  of  coal  was  accompanied  by  the  following  letter: 

"  Farrandsvillb  Post  Office, 
'<  Clititon  county^  Pa,^  Quints  run^  August  20, 1B42. 

"  Some  time  since  we  shipped  for  your  experiments  at  Washington  four 
hogsheads  of  bituminous  coal,  marked  '  Navy-yard,  U.  C,'  to  be  trans- 
shipped at  Columbia,  Pennsylvania,  to  the  seat  of  government.  We 
would  thank  you  to  instruct  the  proper  persons  having  chai^  of  the  coals 
received  for  trial,  to  give  attention  to  them,  if  not  too  late  for  the  experi- 
ments. 

"  The  coal  marked  No.  1  is  diflferent  from  the  others,  and  we  believe 
will  be  found  a  superior  article. 

"  We  have  the  honor  to  remain,  gentlemen,  very  truly,  your  obedient 
servants, 

«  McDonald  &  hallenback. 

"  To  the  Navy  Commissioners, 

"  Washington  D.  C." 

The  exterior  characters  of  this  coal  are,  a  color  almost  uniformly 
shining  jet-black — except,  of  course,  the  faces  marking  the  planes  of  depo- 
sition, in  which  the  usual  reedy  matter,  in  the  state  of  mineralized  char- 
coal, gives  a  dull  deep  black,  with  numerous  well-marked  but  small 
organic  remains. 

The  main  partings  are  well  defined,  and  incline  to  the  surfaces  of 
deposition  in  angles  of  85°  and  95°.  The  cross-partings  are  also  in 
many  specimens  unusually  well  defined ;  smooth  and  brilliant  plane 
surfaces,  inclined  to  the  main  partings  in  angles  of  88.5^  and  91.5°,  and 
to  the  surfaces  of  deposition  in  70°  and  110°.  The  coal  thus  separates 
into  rhombic  prisms. 

Occasional  specks  of  sulphurct  of  iron  present  themselves  in  the  natu- 
ral partings. 

The  specific  gravity  of  one  specimen  of  this  coal  was  found  to  be 
1.3225,  that  of  anotlier  1.3404 ;  the  mean  of  which  gives  the  calcu- 
lated weight  of  1  cubic  foot  of  solid  coal  equal  to  83.22  pounds. 

Nineteen  trials  in  the  charge-box  proved  its  average  weight  to  be  50.335 
pounds  per  cubic  foot,  or  0.6048  of  its  calculated  weight 

The  space  for  stowing  1  ton  is  44.502  cubic  feet  Of  moisture  it  con- 
tains, by  the  analytical  operations,  0.646  and  0.557  per  cent,  as  deter- 
mined by  two  specimens.  By  trial  in  the  steaming  apparatus,  the  pro- 
portion of  moisture  was  found  to  be  0.836  per  cent 

One  specimen  examined  for  sulphur  gave  0.1019  per  cent  of  that  in- 
gredient 

''^  volatile  matter,  other  than  moisture,  was  17.791  and  17.071  for 

"0  apecimens  above  referred  to ;  and  the  total  volatile  matter  in  two 

ns  examined  by  Doctor  King  was  17  for  one,  and  22  per  cent 

v.  The  average  will  not,  therefore,  be  fiur  from  true,  if  assumed 

"attons  of  each  of  the  first-mentioned  specimens  gave  a  mean 
ti  of  earthy  tuattox  for  the  one,  and  7.57  for  the  other, 
tition  b  as  ffiUo^B  *. 
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Specimen  m.  Specimen  6. 

MoiiMQre 0.559  9.679 

Other  Tolatile  matter 17.791  17.071 

Earthy  matter  .--...        6.510  7.570 

Fixed  carbon    -  r  -  -  -  -      75.140  74.680 

100.  100. 

Volatile  to  fixed  combustible       -  -  -    1  :  4.223  1  :  4.375 

Besides  the  preceding  analyses,  a  comparative  trial  was  made  on  forty 

rimens;  from  each  of  which  a  fragment  was  taken,  and  a  portion  of 
powder  of  the  whole  subjected  to  the  usual  steps  for  determining  the 
coDSUtuents.    This  gave 

Ofmoiatiire      --------  0.131 

Ofother  volatile  matter            ------  18.676 

Of  earthy  matter          -------  7.750 

Of  fixed  carbon 73.443 

100. 
Volatile  to  fi<ed  eombustible        -  -  -  -     1 : 3.93 

The  ashes  are  almost  perfectly  white,  whether  procured  from  the  single 
specimens,  or  from  the  mixture  just  described. 

In  burning  1883.25  pounds  of  tliis  coal,  the  residue  from  the  furnace 
consisted  of  143.26  pounds  of  gray  ashes,  weighing  37.()9  pounds  per 
cubic  fi>ot,  and  25  pounds  of  slaty  matter  and  clinker,  weighing  29.7 
pounds  per  cubic  foot.  Hence  the  former  was  7.61,  and  the  latter  1.327 
per  cent ;  and  the  total  waste  8.937  per  cent,  of  the  coal  burned. 

There  were  found  in  the  ashes  7.577  percent,  of  combustible  residue,  and 

in  the  clinker  9.512  per  cent    Hence  the  absolute  waste  from*the/t/r/iac6 

is  8.232  per  cent.   Six  and  three-fourths  pounds  of  soot  withdrawn  from  the 

JlmeSj  gave  of  volatile  matter  16.03,  carbon  35.32,  and  ashes  48.65  per  cent. 

The  time  required  for  the  attainment  of  a  uniform  rate  of  evaporation 
is  not  precisely  determined  in  the  first  experiment ;  but  it  was  less  than 
one  hour.  In  the  second  it  was  but  thirty  minutes.  Three-quarters  of 
an  hour  is,  therefore,  a  full  allowance  for  this  effect  The  mean  amount 
of  coke  left  after  each  trial  was  14.75  pounds. 

A  trial  of  specimen  a  above  analyzed,  afforded,  with  oxide  of  lead,  from 
20  grains  of  coal  573.3  grains  of  leiad,  or  28.665  times  its  weight  De- 
ducting the  moisture  and  ashes  found  in  that  specimen,  which  amount  to 
7.069  parts,  the  lead  to  I  of  combustible  is  found  to  be  30.846. 

Of  the  powdered  coal  from  forty  specimens,  two  trials  by  litharge  were 
also  made — each  upon  10  grains  of  the  mixture.  Tlie  Jirst  gave  284.6, 
the  &econd  286.5  m^ins  of  metallic  lead.  As  the  earthy  matter  and  mois- 
tnre  are  here  7.8dI  parts,  the  lead  to  1  of  combustible,  by  the  first  trial,  is 
30.894,  and  for  the  second  30.982.  The  mean  of  these  three,  viz.  30.907, 
may  be  assumed  as  the  average  reducing  power  of  the  combustible  mat- 
ter of  this  coal. 

When  tried  in  the  chain-shop,  this  coal  was  found  eminently  useful  for 
that  species  of  work.  Sixty  pounds  of  it  were  sufficient  to  make  eleven 
links  of  a  chain  If  inch  in  diameter.  It  gave  but  little  cinder,  and  a 
flame  of  moderate  length. 

In  the  performance  of  ordinary  smith  work,  to  which  it  was  applied  in 
the  anchor-shop,  the  result  was  also  highly  satisfiictory.  It  gave  litde 
cinder,  a  coke  sofl  and  yielding,  and  a  form  of  fire  abundantly  hollow  for 
all  the  pmposes  there  required. 


am 
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I^rnm  into  eMmnty,  and  tmaU  fitmau  in  action. 
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REMARKS.— Qraiesaifsce  14 07 square  f«i;  lenfith  of 
rircu[i  of  healed  gasea  131  reetj^elgbiof  cfaimney  63 
leel. 

61.6 
63.4 

63.  B 

6-2. a 

48 

58 
59.5 

"m' 

63 

7* 

<H 
106 
113 
liU 

133 
110 
151 

172 

nj 

176 

185 
187 

-6 

+  3 
10 

1.536 
3.SG3 

boili^r  0.55  ineb  belon  normal  level. 

Wood  consumed,  304.5  lbs, ;  commenced  charging  wilt 

Bleara  Wowing  off;  wefllherclearingup;  sna  shining. 
Clean  «<Dd  HE.,  lighi. 

63.3 
63.3 

6^!l 
63.1 

G0.3 
liO.7 
CJ.O 

CI. 6 
6J.0 
61.5 
63. d 
61.5 

M 
35 

48 
54 
52 

6S 
60 
65 

43 
65 
57 
46 
53 

3.383 
3.561 

3.162 
2.077 
3. 177 

g.500 
2.278 

3.237 

2.fl73 
3.560 
I. MI 
3.351 

Placed  33  lbs,  of  ibia  coal  in  drying  apparatus. 

Filled  iBDk  St  10*.  S5)n.  a.  m. 
Fire  in  good  iOion. 

Commenced  drawingfoses  from  lower  flue  bi  0*.  59ffl.  p, 
m.i  drew  in  33  mmmes  60  cubic  inches,  which  gavo 
waier  0.46  gram,  caibonic  acid  4  33  grains,  oiygen 
9  1 104  cubic  inches;  lemperaiuie  78°. 

Filled  tank  si  Ot.  4Gm.  -p.  m, 

63.7 

57 
33 

-X 
-37 

0.890 

Conlenis  of  ash  pil  thiowa  on  grale. 

63-9 
W.O 

«77 

199 
199 

119 

Wnier  in  boiler  left  alO,4  inch  above  aormal  lel'el;  damper 
reduced  lo  3  inches, 

Water  in  boiler  adjosied. 
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Period  of  «(<«dr  tetion  from  M.  6k.  i.  n.  to  St.  46k.  p.m.  =BiL  Mr.;  cmI  to  inttlV 
ibe  Mme  lime,  BM  Ibt^  witcr  to  botltr,  4,9mb«. ;  mier  10 1  of  coal,  6.819. 
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4<Mi  Urmm  u/a  eMmne!/,  and  amalljitmace  in  action. 
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TABLE  XC^OEDtrcnOKS 


Niilun  of  the  dnto  fiirniBlicd  by  the  raupwliie  tables. 


lit  Trial. 


Tolnl  tliimlion  of  thn  GxperinierlL,  in  hours 
DunUton  of  Mcady  ncuon,  in  Iiouia         .  -  . 

Area  of  ^rsie,  in  Mjiuuc  feet       .  ■  .  . 

Ar<n  nr  beaWd  mnace  of  bailer,  in  tqaire  Tcci  - 
Area  of  bnifer  cxpowd  to  direct  radlati  m,  in  iqaan  ftcl 
Number  nf  chu^e*  of  toa]  lupplici]  lo  gtule 
Total  weislii  of  coitl  >iippllcd  lo  grate,  in  [Hiund* 
PoundHOf  coal  actuoll]' conaumed  .  .  _ 

PoundK  of  con!  witbdrawn  tuid  wparatcd  sf\er  Iriot 
Menn  -we^lit,  in  poundB,  uf  one  cubic  fool  at  cool 
Pounrlaof  co^  supplied  ]>ei'Lour,  during  aieailj  anion    - 
PnundRofcMdMi'kquBMfootoreTBWniirwc.pwhoDr  - 
Total  vute,  Banes  and  clinher,  from  ICW  poOoM  oTcodI'  > 
PoiindB  of  dinlln'  alone,  fiom  ISO  pounds  of  cool 
Ratio  o(  cjinher  to  ibe  total  wHtc,  per  cent. 
Total  poutidi  of  trater  supplied  (o  the  boiler 
Mean  temperature  of  water,  in  ilegiwa  Fahrenheit 

fu[ij>lied  ■!  the  end  of  espeiiment,  to 


Poundi 

Dedurii 


of 


mperaluTc  of  water  supplied  at  the  end 


nriment,  in  pound* 
rater  eraporoled  per  hour,  during  BlcHdyac 


cated  lurfuce  per 


Cubic  Pent  of  walprpe'  hoi 
Pounds  of  water  per  Bquort  foot  ol 

hour,  by  one  cafculatian 
Pounds  of  water  per  squire  foot,  by  a  mean  of  aevFnd 

observations   --...- 
Water  evaporated  by  1  or  coal,  from  initial  temp,  (a) 


Valcr  eTmporateil  by  1  nf  coni,  from  initial  temp,  (b) 

during  »i£aAy  acuon  - 

Pounda  of  fuel  evopomtinir  on  

Mean  teni)>erature  of  air  Entering  beluw  aohpit,  -dnriog 

steady  pressure  .  .  -  . 

Mean  tCTnp.orwelbulblh('miOm.,duringMcady  pi 
"'-intpmperaliirc  nf  nir,  <in  arriving  ni  the  |rr«B 

in  temperature  ofttaacs,  when  arriving  at  ilie  chimney 
Mean  tempemiure  of  steum  in  llie  boiler 
Maan  temperature  of  allnrlied 
Mean  heigtd  «f  baronietar,  in 

Mean  11  amber  of  volume*  of , 

Mean  height  of  wereory  in  manonieuir,  in  ainiospFi(.._ 
Mean  heighltif  water  in  syphon  draus^hi-^u^,  in  inches 
Mean  temperature  of  ie<ti  point,  by  odcnlation 
*'    n  gain  of  temperature  by  the  air,  before  reaching  giate 

n  diflkrenae  Mtwcen  siesm  and  eMspiitf  guts 
Water  to  1  of  coal,  comded  for  ' 


in  umMpbena,  above  a  vncuuni 
.  Jipmind*  per  so.  inch,  above  aunosphe 
|ba(r«l«le>,  at  the  furnace  bridge 

-'^^-  r.{W.«pp*'>  -  - 


MOT 
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100.  s 
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41.0 
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JES  LXXXVIII,  LXXXIX. 
f  Run  coal. 


Remarks. 


.75 
.3997 


.969 
.8855 
.3139 
.802 


Tlie  greater  proportion  of  dinker  is  foaikl  al  the  second  trial,  when  the  combus- 
tion and  ewipomlion  were  more  rapid  than  on  the  preceding  day. 


.7S5 
.8B95 

.301 


111 

.8598 


.405 
.53 


Theve  was  probaUy  more  coal  on  the  grate  at  the  end  than  at  the  beginning  nf 
the  period  of  steady  action. 


It  will  often  be  observed  that  when  the  open  air-plate  produces  an  eraporatiTc 
effect  as  indicated  in  the  4l8t  and  43d  lines,  superior  to  what  had  been  ob* 
tained  by  the  doeed  air^plate,  the  temperature  ofair  entering  the  chunney  was 
aJso  found  higher  with  tke  open  than  with  the  cUted  plate^ 


9971 

06 
17 


965 

S748 
.4194 
.194 


The  coincidence  of  the  two  trials  is  lery  near;  but  the  total  waste  on  the  9d  beine 
greater  than  on  the  1st  trial,  the  efficiency  of  the  unit  of  combustible  (line  43} 
IS  not  quite  so  great  in  the  1st  as  in  the  9d  experiment.  The  opening  of  the 
air-plaie  appears  to  hate  fhvwed  slightly  the  increase  of  eTaporatiTe  dTect 


■•Al 
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Remarka  on  the  three  preceding  ta6lat. 

By  a  lelerence  to  the  two  tables  of  experiments,  LXXXTlIl  q| 
LXXXIX,  it  will  be  seen  that  the  rate  o{  supplying  water  lo  ibe  txdri 
during  the  period  of  steady  action  wa»,  in  general, very  regalar;  andllul 
the  uniforEnityofrata  extended,  on  the  second  trial,  lo  an  hoor  befonvd 
lui  hour  after  (he  limita  assumed  for  steady  action.  But  it  did  noi  con- 
mence  till  some  time  after  the  second  charge  of  coal  was  all  upon  iht 
grate,  nor  continue  bo  late  as  when  the  last  charge  was  all  on.  TMj 
renders  it  necessary,  for  the  pufposes  of  calculation,  ro  assume  ihe  liMl 
specified  at  the  foot  of  the  table,  for  the  commencement  and  terminaiiiw 
of  steady  action.  The  boiler,  in  bet,  perfonned  ila  office  for  71  tiodnnil 
the  second  day,  at  almost  exactly  the  same  mean  rate  ax  dnnDg  thtflj 
hours  between  the  times  of  snpplying  the  third  and  that  of  the  nun 
charge  of  coal.  As  all  the  times  elapsed  between  consecntive  setx  af4-| 
servstions  had  the  same  length,  (namely,  half  an  honr,)  the  resiifioftlt'' 
single  calculation  for  the  whole  time  is,  of  course,  identtcsl  wHh  Mrf 
the  mean  of  the  sajiaiate  calculations,  as  seen  in  the  22d  and  23d  limtf' 
the  table  ofdednctionBiD  the  column  of  the  first  trial.  '  ' 

The  3d  line  of  the  last  table  shows  that  the  graic  was  of  the  same  Aj 
in  both  trials;  the  llth,  that  the  coal  was  supplied  five  percmLOMl 
rapidly  on  the  second  than  on  the  first;  the  20th,  that,  on  an  ztviemiffi 
pounds  more  of  water  were  evaporated  per  hour  on  the  second ;  Uw  w^ 
that  the  gases  escaped  to  the  chimney  with  20  degrees  more  of  an  oca* 
above  the  steam  in  ihe  boiler  on  the  second  than  on  the  first  iritli  Ar 
43d  line  proves  that  O.Il  of  a  pound  more  of  water  was  evapotwedliT*  j 
pound  of  combustible  matter  oi  the  coal  on  the  second  than  on  lhw<  ) 
trial;  and  the  46th  line  shows  that  on  tlie  first  trial  the  air-plaB T  ' 
closed,  and  on  the  second  it  was  open.  The  syphon  showed  tlisM 
force  of  draught  on  the  two  days  to  be  nearly  identical.  These  fiicuM 
peai  to  prove  conclusively  the  advantage  lo  this  coal  of  air  atfouM'!' 
the  bridge. 
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Dio.  11. 

Bitmmmous  coal/ram  Karthaus^  Clearfield  county^  PenH&ylvania^  sent  by 
;  C  5.  McCoy  ^  Company • 

This  sample  was  accompaaied  by  a  letter,  of  which  the  following  i&  a 
copy: 

Karthaus,  June  22, 1842. 

"Gebtts:  According  to  your  advertisement,  and  at  your  request,  we 
hife  forwarded  on  to  your  department  the  quantity  of  bituminous  coal 
foa  have  required  for  a  sample,  although  at  considerable  expense  to  get 
It  to  jrour  place  at  this  season  of  the  year. 

•  «"  We  consider  it  a  pleasure  in  forwarding  samples  of  our  coal  to  any 
tot  of  the  United  States,  not  fearing  but  it  will  bx  surpass  your  expecta- 
•mis. 

:^  We  do  flatter  ourselves  to  think,  from  the  trials -already  made  of  our 
toil,  to  say  that  we  have  the  best  bituminous  coal  in  the  world.  All  we 
Sft  IB  a  &ir  trial.  The  coal  we  sent  you  was  put  in  four  hogsheads, 
Wfflcad  *•  firom  C.  S.  McCoy  <fc  Co.'s  sample  coal.'  Two  hogsheads  were 
fiom  the  Karthaus,and  two  from  the  Salt-lick  banks.  We  don't  consider 
UmC  there  is  any  difference  in  the  coal,  as  they  are  only  one  mile  from 
laoh  other ;  bodi  on  the  west  branch  of  the  Susquehanna  river.  The 
BiBi  we  sent  you  was  taken  from  the  mine  last 

^  We  can  deliver  any  quantity  Of  the  coal  at  Port  Deposit  in  the  spring 
3f  the  year,  or  as  long  as  our  river  keeps  up,  which  sometimes  lasts  three 
months. 

^If  our  coal  should  suit  you,  and  we  could  agree  upon  the  price,  it 
WDiiid  be  necessary  for  us  to  know  soon,  as  it  will  require  a  good  deal  of 
gnpamtion  to  build  arks,  which  would  have  to  be  done  in  part  this  sum- 
mer and  fall.  From  Port  Deposit  it  could  be  delivered  to  any  of  the 
points  on  the  coast  you  have  designated  in  your  advertisement 

"  We  can  deliver  our  coal  at  port  at  about  $7  60  for  2,000  pounds.  Our 
coal  always  sells  on  the  Susquehanna  river  from  3  to  5  cents  a  bushel 
more  than  any  other  bituminous  coal.  We  would  like  to  hear  from  you 
as  soon  as  you  make  the  trial. 

"  We  refer  you  to  Gen.  James  Irvin,  member  of  Congress  firom  Cen- 
tre county,  Pennsylvania,  who  is  personally  acquainted  with  us  and  our 
coal.    If  3rou  think  it  necessary,  one  of  us  could  come  into  your  place 

and  make  arrangements. 

"  Yours,  with  respect, 

"  C.  S.  McCOY  &  Co. 

"perJ.  G.  LEBO." 

As  to  exterior  characters,  this  coal  has  a  columnar  structure^  parting  with 
ease  at  the  sur&ces  of  deposition,  to  which  the  main  partings  are  at  right 
logles.  The  cross-partings  are  not,  in  general,  well  defined.  The  color 
is  a  deep  black,  and  the  lustre  dull  or  shining,  according  to  the  particular 
I^T  examined.  The  surfaces  in  the  main  |)artings  exhibit  frequent  flakes 
<n  carbonate  of  limo.  Sulphuret  of  iron  is  occasionally  found  efflores- 
eiag  among  the  carbonaceous  matter  in  the  horizontal  f)artings. 

The  specific  gravity  of  two  specimens  was  1.2919  and  1.^753  re^^^- 
tifely ;  uom  the  mean  of  which  the  calculated  w^bX  vu  \!ti&  tcLWv^  V& 
S0.i2 pouads  per  cubic  foot 
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Thirty-five  trials  in  the  charge-box  prtved  the  averase  weight  per  cubic 
foot,  in  the  state  in  which  it  was  received,  to  be  62.6&  pounds— the  ex- 
tremes being  49.375  and  56.625,  of  which  the  mean  is  63  poands,  or 
0.6549  of  the  calculated  weight. 

The  space  required  for  I  ton  is  42.634  cubic  feet.  • 

Tlie  moisture  expelled  from  the  two  specimens  above  tried  was  ftand 
to  be  0.77  for  the  first,  and  0.952  for  the  second.  This  was  effected  If 
ex|X)sing  the  powder  to  a  temperature  of  216^  for  more  than  an  hourii 
the  apparatus  seen  at  plate  i,  fig.  1. 

By  drying  in  the  apparatus  K,  (Plate  II,  Pig.  1,)  connected  with  tb 
boiler  at  the  navy-yard,  the  loss  on  28  pounds  was  5|  ounces^or  1.282  pi 
cent. 

The  per  centage  of  volatile  matter,  other  than  moisture,  was  found,  bf 
rapidly  coking  the  first  specimen,  to  be  21.6  per  cent;  and  by  coking  ■ 
slowly  as  to  prevent  agglutination  of  the  particles  of  coal,  it  was  but  iSjIX 
per  cent.  The  second  specimen  gave,  by  a  mean  of  two  trials,  both  ptr- 
formed  rapidly,  11.881  percent. 

Dr.  King  obtained  from  two  specimens  a  mean  of  23.26  per  ceoLii 
volatile  matter.  The  mean  of  trials  on  four  specimens  gives  the  total  fot 
atile  matter  19.23  per  cent.  Hence  it  appears  that  the  Karthaus  coal  i 
superior  in  the  amount  of  its  volatile  constituents  to  any  of  the  free-bail' 
ing  coals  hitherto  examined.  But  its  principal  constituent  is  still  th 
fixed  carbon^  which,  for  the  least  amoimt  of  volatile  matter  obtained b] 

slowly  coking  the  first  specimen,  was  —..-  =  6.124  times  as  much  as  th 

latter  ingredient ;  but  by  rapid  coking,  the  ratio  was  reduced  to    -rrr  = 

3.378. 

The  incineration  of  each  specimen  was  made  in  the  same  manneri 
of  other  samples.  Specimen  a  gave  5.087,  and  specimen  6, 6.68  percent 
of  reddish  gray  ashes. 

In  one  hundred  parts,  therefore,  there  were  in 

Water 

Other  volatile  matter 

Earthy  matter 

Carbon 


Specimen  .. 

0.770 
-      21.600 

5087 
.      72643 

Specimrai; 

0:952 

11.881 

6680 

80.487 

100. 

100. 

-  1 :  3.378 

1 :  6.812 

Volatile  to  fixed  combustible 

During  the  four  trials  on  evaporation,  the  total  weight  of  coal  bume 
was  3043.84  pounds,  which  produced  of  clinker  136.71  pounds,  and  < 
ashes  138.73. 

The  ashes,  by  complete  reincineratton,  lost  12.6  of  their  weight,  and  tl; 
clinker  was  reduced  2.13  per  cent,  by  the  same  means  ;  so  that  the  abs( 
lute  amount  of  waste  withdrawn  from  the  furnace,  was  255.05  pounds 
of  which  the  pert  in  the  state  of  clinker  was  6246  per  cent.,  and  tl 
whole  was  7  per  cent,  of  the  coal  consumed.  The  ashes  weigh  47.{ 
nds  per  cubic  foot,  and  are,  when  completely  freed  from  carbon,  of 
\l  iMdiBfa-jgrey  color.  The  clinker  weighs  32.76  pounds  per  cub 
jfUM  iflbfa  dttk  liTOWn  and  iion-black  color,  witli  yellowish  shal 
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dons.    It  it  in  small  fragmenis,  porous  in  texture,  and  not  so  much 
^urinated  as  to  cause  very  serious  obstruction  to  the  passage  of  air. 
Phe  luge  proportion  of  clinker  is  in  part  accounted  for  by  the  presence 
nilphuret  of  iron  in  such  quantity  as  to  yield  1.58  per  cent,  of  sulphur 
n  tne  specimen  a,  above  analyzed. 

Fhe  aceendibility  of  this  coal  (that  is,  the  degree  of  readiness  with 
ieh  its  combustion  commences)  is  indicated  by  the  fact  that  it  required 
■n  average  If  hour  to  bring  the  boiler  into  steady  action  after  the 
vging  with  coal  had  commenced. 

She  weight  of  coke  withdrawn  after  each  trial  was,  on  an  average, 
38  pounds. 

Atrial  of  specimen  a  by  the  oxide  of  lead  resulted  in  reducing  31.328 
Mi  its  weight  of  metallic  lead ;  and  this,  deducting  the  incombustible 
Nerials  present,  ^ives  for  1  of  combustible,  33.309. 
This  coal  was  tned  for  its  general  adaptation  to  smithing  purposes,  both 
the  chain  and  anchor  shops,  where  it  was  found  to  give  a  good  hollow, 
S  preserving  the  arch  without  danger  of  disturbance  from  the  blast, 
ito  produce  a  clear  and  effective  welding  heat  The  coke  is  not  quite 
id  m  sustaining  a  good  durable  fire,  to  that  from  some  other  coals  of 
At8-buming  class. 

■a  well  set  office  grate  with  a  good  draught,  it  was  found  to  require 
ndlenble  time  for  ignition,  kindling  slowly  at  the  bottom.  More  than 
lonr  elaj^d  before  any  considerable  activity  of  combustion  had  been 
ined.  While  any  of  the  vaporizable  and  gasefiable  ingredients  of 
t  ramun,  the  mass  will  remain  mostly  black.  White  or  yellowish  va- 
I  eontinue  to  be  given  off  at  the  top  of  the  mass;  and  even  if  tempo- 
ly  ienited  by  bringing  any  flaming  body  in  contact  with  these  gaseous 
iHMSt  they  will  generally  burn  but  ntfuUy,  and  their  inflammation 
t'iMrt  no  longer  than  the  torch  with  which  they  are  attempted  to  be 
tied  is  kept  in  contact  with  the  issuing  current  of  mixed  vapors  and 
B8.  It  will  be  seen,  on  consulting  the  tables  of  experiments  with 
t  of  deductions  following  them,  that  some  difference  in  evaporative 
rer  was  observed  while  using  different  casks  of  the  sample;  but,  as 
i  two  localities  from  which  they  came  were  not  designated,  the  whole 
of  course,  taken  as  a  single  sample. 

ta  eokiDg  rajHdly,  this  coal  dischai^s  gas  copiously,  intumesces 
ongly,  forming  a  coherent  porous  mass,  moderately  tough,  and  of  a 
rf-gray  eolour.  By  coking  more  slowly,  the  consistence  is  more  com- 
tt  and  tough ;  and  by  very  slow  treatment,  the  powder  is  scarcely  ren- 
nd  in  any  degree  coherent.  The  coke  of  this  coal  is  well  adapted  for 
siting  iron. 
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Mean  oificrence  between  steam  and  escaping  gases    - 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern   - 
Water  to  1  of  coal,  from  312^,  corrected  for  temperature  of 

water  in  cistem     ------ 

Pounds  of  WBler,  from  313^,  to  one  cubic  foot  of  coal 
Water,  fttmi  SIS^,  to  one  pound  of  combustible  matter  of  the 

ftwl  .------ 

Mem  pmnre,  in  atmospheres,  above  a  vacuum 


IstTrid. 


'.  I 


-  I 


,in^ 
of  the«tf 


pounoi  per  square  inch,  above  atmosphere 
IT  plates,  at  the  furnace  bridge 
of  damper,  (U.  upper)  ... 


rfMh 


{TMiXCI.)  {TdkJCB.} 


3d  Trial. 


84.35 
7.5 
14.635 
377.5 
19.485 
9.0 
949.5 
940.0 
9.5 
53.75 
64.db"7 
5.803 
5.3451 
3.533 
66.468 
7250.0 
55'>.6 

790.0 

in.o 

741.07 
11.857 

1  9639 

30831 

7.5947 

8.7331 
8.2394 

50^.35 


303=>.58 
367^.33 
209^.53 
47*^.0 
39.963 
8.9083 
0.1683 
0  3963 

152''.33 
37^.81 
7.5947 

8.7479 
461.45 

9.3339 
1.4151 
6.1399 

(None  in.) 
U.    13 


Jlprilu 

Sl.M 
5.5 
14  6S 
3775 
19.485 
10.0 
1090.65 
10!!i6.« 
4  373 
54.58 
139  9:! 
9.5TI 
7.08(1 
4.50 
64.5H 
8335.0 
47^i 

lOSS.I 

153.0 
1019.45 
16  31 

170tt 
a.76 
7.9331 
6  5?13 

56'.3 


S86'.35 
31P.li5 
330'.S5 
54'.0 
30.071 
8.6«5 
0.1910 
0.290 

229'\75 
80-.e75 

7  5321 

8.7343 
476.  ( 

9.39S3 

l.ltf 

6.S91 

Opeo. 

IT    13 
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ES  XCI,  XCII,  XCIII,  XCIV. 

U8  coal. 


ial. 

4th  Trial. 

Averagea. 

Remariu. 

CUI.) 

(TMtXCir.) 

96. 

JIfni  99. 

25 

34.0 

«k 

5 

5.667 

69 

14.89 

5 

377.5 

■ 

B5 

19  Oi 

'The  grate  at  the  l«t  trial  was  13  inches  in  iVont  and 

0 

6.0 

14  inches  at  the  rear,  below  the  boOom  of  the 

75 

638.95 

boiler ;  on  the  3d  trial  it  was  1  foot  below ;  on 

81 

617.75 

the  3d  and  4th,  9  inches  below. 

94 

10.5 

8.578 

On  the  9d  trial,  a  cask  of  the  sample  was  used  which 

4875 

53.3543 

53.531 

contained  a  larger  pro|H>rtion  of  lumps  than  the 

33 

73.553 

98.1835 

first,  as  will  be  noticed  in  the  remarks  in  table 
XCII  *,  hence  its  superior  weigght  per  cubic  foot. 

335 

4.939 

6.663 

988 

11  .'108 

7.8939 

There  were  also  more  lumps  m  the  4th  than  in 

3.1728 

3.6588 

the  3d  day*8  burning,  with  a  concspondiog  sope- 

393 

38.059 

50.3835 

^     riority  of  weight  per  cubic  foot* 

0 

5375.0 

4 

68°.  4 

0 

400.0 

0 

53.0 

0 

606.348 

780.193 

w 

9  699 

13.4815 

997 

1.606 

3.0666 

988 

1.676 

9745 

8.6151 

7.9391 

993 

8.343 

7.8868 

8375 

7.9547 

7.9048 

09 

750.1 

» 

— 

— 

This  being  the  first  sample  of  cool  tried,  no  obaenra- 
tions  for  dew  point  were  taken,  as  the  apparatus 

36 

39P.8 

9690  2475 

97 

3730.1 

3770.456 

had  not,  at  the  time,  been  completed. 

18 

3380.5 

0 

730.0 

055 

90.054 

7689 

6.857 

183 

0  174 

165 

0.1544 

0.3264 

The  syphon-tube  was  rather  too  small  to  be  duly  sen- 
silue,  and  it  was  found  neoenary  frequently  to  r^ 

97 

3160.7 

306O.5135 

new  thecok>red  water,  owingtoa  slight  tendeney  to 

09 

440.6 

480. 094 

viscidity,  caused  by  the  coloring  material--eochi- 
neal.  A  tube  four  or  five  tenths  of  an  inch  in  diam- 

9739 

8.5983 

7.9347 

eter,  afterwards  employed,  obviated  this  difficulty. 

0666 

9.797 

9.0912 

As  there  were  two  varieties  of  coal  in  this  sample,  so 

71 

513.91 

477.4175 

there  are  two  sets  of  results,  as  obvious  in  this 
line.  The  1st  and  3d  trials  appear  to  belong  to  one 
variety,  and  the  3d  and  4Ui  to  another.    Afl  no 

8744 

11.0461 

9.887 

4366 

■     1.4879 

1.4264 

marks  were  found  to  distinguish  the  coal  of  9ne 

4474 

6.3198 

6.397 

locality  from  that  of  another,  the  whole  is,  of  ne- 

rowi) 

F^lly  open. 

cessity,  taken  as  one  sample. 

19 
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Remarks  on  the  preceding  table  of^ 

The  coal  from  Karthaus  being  the  first  samide  leeeivod  it  Aiiifff- 
yard,  was  the  first  in  order  fi)r  tnaL    But  it  was  not  thon^t  beat  to  ham 
at  once  the  whole  sample,  until  the  working  of  the  mwMattta  had  ben 
more  fully  tested,  and  the  experience  of  the  firemeo  and  aaaiiymli  hid 
made  them,  in  all  respects,  more  fiuniliar  with  thdr  yaqwctiie  da- 
ties.    After  three  weeks  had  elapsed,  (durine  which  tiiab  had  bam  nab 
on  parts  of  two  or  three  other  samples,  and  on  the  miztnrae  ahofe  d^ 
scribed,)  the  other  half  of  the  sample  was  used ;  and,  as  the  beatiwlt 
had  been  obtained  by  using  an  open  air-plate,  it  was  detannined  toljlMt 
that  arrangement  for  the  last  two  trials.    The  fimrth  ezperimantpMali 
with  the  air-plate  fully  open,  gave  a  result  (as  seen  in  tba  4181  aM  HI' 
lines)  something  higher  than  either  of  the  others.    It  will  alao  be  uba<lirf 
that,  on  the  first  and  second  trials,  on  the  6th  and  7th  of  April,  dia  df | 
which  supplied  combustion  came  to  the  fiimace  with  «  mean  lanDanMl 
of  60^  and  66^  for  the  two  days  respectively;  while  for  the  flMi  aal 
29th  it  was  69^  and  75^.    If  we  deduct  these  numbeia  fiom  Ae  liBfV- 
atures  of  the  gases  as  they  left  the  boiler  to  escape  into  the  chinuMf  sa 
the  respective  days,  there  will  be  left  for  the  first  two  days  of  trial  siM 
excess  of  the  burnt  air  over  Xh^  fresh  air  of  236  degrees;  and  fer.lli'lMt 
two  days,  of  193  degrees  only.    Hence,  as  all  the  air  necesrary  to  fjoflf 
the  furnace  now  gained  43  degrees  less  than  before,  it  is  evidenttfli  w 
weight  of  air  necessary  to  burn  a  pound  of  coal,  multiplied  by  t||ij».MB- 
ber,  and  again  by  the  capacity  of  air  for  heat,  ought  to  give  the  fiwfijf 
of  heat  expended  on  the  boiler  in  the  one  case  more  than  in  die'-ddfeL 

This  quantitv,  divided  by  the  latent  heat  of  steam,  givea^heie^qpoB- 
tive  power  of  tnat  heat.  Quin's  Run  coal  required  20.5  pounds  nw 
to  the  pound  of  coal,  which,  multiplied  by  43  and  by  0.267,  (the  ifKcifie 
heat  of  air,)  gives  235.36 ;  and  this,  divided  by  1030,  gives  0.2286 :  wUch 
added  to  8.7343,  (the  water  from  212^  corrected  for  tempemture  of  wtttr 
in  cistern  for  the  7th  of  April,)  makes  it  &9628.  This  differs  bntfitlb 
from  9.0856,  the  conesponding  number  for  the  28th  of  the  same  nonth. 


Ko.  12. 

Bituminous  coal  from  the  Summit  Portage  railroad^  Cambria  amnt^ 

Pennsylvania  J  sent  for  trial  by  /  BrotherUne. 

This  sample  was  accompanied  by  the  following  letter  relative  to  ib 
origin  and  the  time  of  mining  it : 

^^  HOLUDATSBURGH,  (Pa.,) 

''Jum  t^  1848. 

^'  Gentlemen  :  Yesterday  I  shipped  to  you  from  this  place  fonr  bfl^ 
heads  and  two  barrels  of  bituminous  coal,  marked  J.  B.,  and  eontainini 
4,066  pounds,  for  the  purpose  of  affording  you  an  opportunity . of  asoei 
taining  whether  it  will  excel  in  the  purposes  of  steam  navig^tbn  Ul  ih 
navy  of  the  United  States,  according  to  your  request,  as  advertind  cm  tb 

14th  day  of  April  last    U  was  exu^\»i  fiQ»xci  >i[i^  \s&ds&  q{  the  Altoifieo; 

mountain  six  weeks  since, ten  Tiu\eatto\2CL^v&Y^tv.^vDL^'€taMtv^K&a^^^ 
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"Mortage  railroad.    The  most  convenient  point  at  which  it  can  be  delivered 
on  the  bay,  is  Havre-de-Grace,  IMaryland. 

"  After  you  shall  have  ascertained  its  qualities,  please  inform  me  of  the 
>«sult 

"  With  high  respect,  I  remain  your  humble  servant, 

"JOHN  BROTHERLINE. 

"  GOMMISSIONERS  OF  THE  NaVY 

''of  the  United  Slates.'^ 

The  exterior  appearance  of  this  coal  is,  in  general,  similar  to  that  of  Kar- 
baus — having  a  columnar  structure,  a  shining-black  color,  in  both  the 
ftaiii  and  cn'^ss- partings,  of  which  the  former  are  inclined  to  the  surfaces 
^f  deposition  in  angles  of  S5^  and  05^.  A  considerable  quantity  of  car- 
iODaceous  matter  occurs  on  the  latter  surfaces  ;  and  from  the  joints  which 
hey  form,  an  eflloresccnce  of  sulphate  of  iron  occurs,  so  copious  as  to 
Sause  a  pretty  rapid  disintegration  of  the  couL  Specimens  which  were 
nund  eighteen  months  ago,  arc  now  cracking  and  falling  to  pieces.  This 
naturally  leads  to  the  supposition  that  the  coal  contains  a  considerable 
portion  of  sulphuret  of  iron. 

The  specific  gravity  of  two  specimens  was  found  to  be  1.3G17  and 
1.4518,  respectively ;  and  the  mean  of  these  furnishes  the  calculated 
v«fght  of  a  cubic  foot  of  coal  in  the  solid  state  in  the  mine  equal  to  87.94 
pounds. 

Thirty-three  experiments,  during  the  four  trials  on  evajwration,  gave 
the  actual  mean  weight  per  cubic  foot  53.463  pounds— the  extremes  be- 
ing 48.75  and  56.625.  Hence  the  calculated  is  to  the  actual  weight  as 
1:0.6079;  and  the  space  required  for  the  stowage  of  1  ton  is  41.S9S 
cubic  feet. 

The  moisture  expelled  from  the  first  of  the  above  specimens  was  0.7,  and 
that  from  the  second  was  1.105  per  cent.  On  the  large  scale,  the  drying 
rf  28  pounds  showed  a  loss  of  11  ounces,  or  2.455  per  cent. 

By  the  trials  on  both  specimens  of  the  effect  of  slow  and  rapid  coking, 
it  appears  that,  besides  hygrometric  moisture,  specimen  a  lost  by  the  for- 
mer treatment  17.71,  and  by  the  latter  21. 6S parts;  and  that 6  lost  19.615 
and  20.895  parts. 

Two  specimens,  examined  by  Dr.  King,  gave  the  total  volatile  matter 
of  the  first  23,  and  of  the  second  20.5  per  cent.,  as  the  result  of  two  trials 
on  each  specimen. 

Eight  trials,  therefore,  on  four  different  specimens,  furnished  the  average 
total  volatile  matter  of  the  Cambria  county  coal  21.474. 

The  incineration  left  from  specimen  a  l.'5.36  per  cent.,  and  from  b  9.11 
per  cent,  of  ashes  of  a  light  lilac  color,  moderate  density,  and  gritty  leel, 
coatainiug  small  lumps  of  white  argillaceous  matter  from  the  larger 
crumbs  of  coal.  In  burning  34SS.5  pounds  of  this  coal  during  the  four 
days  devoted  to  its  evaporative  power,  there  were  obtained  from  the  grate 
and  ashpit  196.83  pounds  of  reddish-gray  ashes,  intermixed  with  fine 
erumbs  of  coke  which  passed  the  sieve,  and  134.75  pounds  of  clinker. 
Hence  the  total  waste,  including  the  coke  intermixed,  was  331.58  pounds 
=  9.604  per  cent,  of  the  coal  consumed.  The  ashes  weighed  43.19,  and 
the  clinker  33.62  pounds  per  cubic  foot.  The  clinker  loses  nothing  by 
X>mi4ete  reincineration,  but  the  ashes  lose  6.244  percent  of  their  weight. 

Tne  clinker  varies  in  color  from  black  to  dark  brown— having  yellow- 
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ish-white  shaly  portions  adhering  to  such  as  are  more  folly  Titrified.   It 
is  cemented  into  large  porous  masses. 

The  soot  collected  from  the  flues  after  burning  this  coal  weighed  but 
7.83  pounds  per  cubic  foot,  and  lost  by  complete  incineration  55.86  per 
c.cnt.,  leaving  of  course  44.14  per  cent,  of  reddish-gray  ashes.     The  to&l   j 
\vcight  of  soot  was  not  exactly  ascertained.  The  quantity  was  modeiate.    j 

The  effect  of  the  clinker  from  this  coal  in  impeding  the  draught,  and 
rendering  the  combustion  irregular,  will  be  understood  from  an  inspectioD 
of  the  tables  of  combustion,  in  which  wide  diiferences  will  be  observed   j 
between  the  evaporation  at  one  period  and  that  at  another.    The  luge 
proportion  of  clinker  to  the  total  waste  might  lead  us  to  expect  that  modi   . 
sulphuret  of  iron  had  been  reduced.     This  is  confirmed  by  an  experi-  r 
ment  on  specimen  a  above  analyzed,  which  gave  1.6  per  cent,  of  anlpnir.  s 

On  specimen  6,  a  trial  by  oxide  of  lead  resulted  in  giving  28.127  tinM  ? 
its  weight  of  metallic  lead ;  deducting  the  moisture  and  earthy  matter,  it  . 
appears  that  the  reductive  power  of  tlie  unit  of  combustible  matter  in  thii  . 
coal  is  31.464.  j 

I'he  two  specimens  above  described  afford  the  following  compoMtioft  >' 
for  this  coal,  viz  : 

Moisture        -  -  - 

Sulphur         -  -  - 

Other  volatile  matter 
Ashes  -  .  - 

Fixed  carbon 


Specimen  a. 

Speeimeii  t. 

0.700 

1.105 

1.600 

(not  tried.) 

IS.  195 

20.266 

16.360 

9.060 

64.245 

69.690 

100.  ' 

100. 

Fixed  to  volatile  combustible  3.535  :  1  3.436  : 1 

Treated  with  scale  oxide  of  copper,  7,26  grains  of  specimen  o,  well 
dried,  ailorded  of  carbonic  acid  20.62  grains,  equivalent  to  6.6236  gniiu 
of  carbon ;  and  3.23  grains  of  water,  equivalent  to  0.3588  grain  of  hy- 
drogen. The  ashes  are  15.762  per  cent,  of  the  dried  coal,  or  1.1444 
grains,  leaving  for  oxygen  and  azote  0.1332  grain.  Hence  the  combusti- 
ble matter  alone  is  6.1156  grains  ;  and,  excluding  the  earthy  matter,  the 
several  constituents  have  to  each  other  the  following  relations,  viz  : 

Carbon  .--.-.         91.955 

Hydrogen      -.--.-  6.867 

Oxygen  and  azote     -----  2.178 


100/ 


Of  this  combustible  matter^  if  the  heating  power  be  computed  from  that 
(;f  iis  carbon  alone,  it  amounts  to  0.91955x12906  =  11868;  and  the 
evaporative  power  to  11868  +  1030=  11.522. 

The  table  of  deductions  shows  that  the  evaporative  power  of  1  of  com- 
bustible matter,  as  applied  to  the  boiler,  was,  on  an  average,  10.238.  If 
this  number  be  increased  by  adding  the  heat  expended  on  the  air  which 
supplied  the  furnace,  the  moisture  of  that  air  ana  the  water  generated  in 
combustion^  and  which  was  proved  m  Itve  case  of  a  coal  of  analogons 
properties  (that  from  duin's  ran)  \o  \YaN^^i^^xiVJt..^8K^  \Ki  ^K^%tmucfa 
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$  absorbed  by  the  boiler,  then  will  the  evaporative  power  of  ^^unit 
nbustible  matter  he  represented  by  11.550  ^P 

*,  as  above,  that  of  the  carbon  is    -  -        11.522 

«nce  -----       0.028  =  ^j^th  part 

is  coal  was  tried  under  my  direction,  both  in  the  chain-cable  and 
nchor  shops,  being,  by  the  kindness  of  the  master  blacksmith,  (Mr. 
er,)  placea  in  each  shop  in  the  hands  of  one  of  the  most  skillful  and 
t  workmen. 

^as  found  to  come  rapidly  into  combustion,  and  to  alTord  an  in- 
heat.  A  large  bolt,  which  had  just  before  been  brought  to  a  good 
ing  heat  by  coal  in  ordinary  use  in  the  yard,  was  by  that  now  un- 
onsideration  brought  to  the  same  degree  of  heat  in  ten  minutes  less 
The  compactness  of  the  coking  mass  appeared  to  be  sufllicient  to 
a  good  hollow  fire  for  work  of  the  size  now  performed  by  it.  The 
!r  taken  out  was  stated  to  be  far  less  than  that  given  by  coal  in  coin- 
use  at  that  time.  The  workman  stated  that  he  had  be^n  working  in 
'ard  for  six  years,  and  that  this  was  the  best  coal,  for  the  work  ho 
then  engaged  on,  which  he  had  used  in  all  that  time.  Two  other 
[men  tried  each  a  small  portion  of  it,  and  both  commended  it  very 

be  smoke,  while  using  this  coal,  was  observed  to  be  far  less  than  th:it 
I  any  of  the  other  fires  (of  whirh  some  ten  or  a  dozen  were  in  action ) 
%  the  ordinary  coal  of  the  yard.  Tlie  only  fault  is  the  lightness  of 
coke,  which  requires  the  fire  to  be  frequently  "  wetted  down.'' 
a  the  chain-shop  the  workmen  spoke  of  the  same  inconvenience  from 
itness  of  the  coke.  But  on  a  sniall  chain  it  was  found  to  work  welL 
'og  very  promptly  a  good  welding  heat,  without  interference  from  fi^r- 
1  mattSr.  The  cinder  was  stated  to  he  about  half  as  much  as  would 
obtained  in  the  same  time  from  the  coal  now  in  general  use,  (the  Mid- 
wn.)  Freedom  from  smoke  was  here  remarked  U|)on  with  approba- 
by  the  workmen,  and  was  very  conspicuous  among  the  large  nunibr r 
[jw>ky  fires  then  in  use  at  the  same  shop. 

be  amount  of  volatile  matter  in  this  coal  is  too  small  to  commend  it 
^'n  procuring  illuminating  gas. 

'domestic  purposes,  it  may  be  employed  in  open  grates  with  great 
'^S^e,  on  account  of  the  clear  combustion  of  its  gaseous  products. 
'  Accendibility  of  this  coal  does  not  appear  to  be  equal  to  that  of 
^f  the  other  free-burning  class — it  having  required  two  hours,  on  an 
f  o'*  the  four  trials,  to  bring  the  boiler  into  steady  action.  By  a 
era^e  it  also  appears  that  there  were  withdrawn  from  the  grate, 
'^^bugtion  had  ceased,  14.812  pounds  of  unburnt  coke. 
®  table  of  deductions,  following  those  of  the  experiments  on  evap- 
'^  ^vill  be  observed  that  though  the  weights  of  coal  actually  con- 
''  tHe  several  trials  were  very  different,  (being  in  one  case  1271.25, 
;^oHier  only  331.25  pounds,)  yet  that  the  evajwrative  effects  of  the 
'  ^oal  are  all  very  near  each  other ;  a  circumstance  which  indi- 
^^liance  to  be  placed  on  the  method  of  determining  the  relative 
P^^'^ers  of  fuel  adopted  in  this  research.  Though  all  fine,  it  was 
^o  form  a  slightly  coherent  coke,  which,  on  being  broken  up 
lice-iron,  allows  a  free  passage  to  the  air,  and  favors  a  brisk 
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Toiftl  duration  of  the  cxporinient,  in  hours 
Duration  of  steady  action,  in  houre         -  -  - 

Aro.i  of  i;mtc,  in  scruare  feet        -  -  -  • 

Area  of  hcatrd  snrtuco  of  boiler,  in  square  ftct  - 
Area  of  boiItT  txjjoscd  to  direct  radiation,  in  Bquarc  icet 
Nuin^>cr  of  charges  of  coal  supplied  to  praie 
Total  weight  of  coal  supplied  to  grate,  in  poundi) 
Pounds  of  cr»al  actually  coiusunied  ... 

Pounds  of  rr)al  withdrawn  and  8e}Kiniled  after  trial 
Mean  weijE^ht,  in  p<mnd<i,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  rt([uare  foot  of  grate  surface,  per  hour 
Total  waste,  ashi^s  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  {Ktunds  of  coal 
Il;iiio  of  clinker  to  the  total  waste,  per  cent. 
Total  poundH  of  water  supplied  to  ilie  boiler 
.MciUi  temperature  of  water,  in  dejrrt^es  Fahrenheit 
Puund.s  of  water  supplied  at  tlie  end  of  eX{M;riment,  to  re- 
store level        - 
Deduction  for  temperature  of  water  Mupplied  at  the  end  of 

exiHrriment,  in  pounds  .  .  -  - 

Pounds  of  waU;r  evaporated  per  hour,  during  .steady  action 
Cubic  feet  of  water  ]K;r  hour,  during  steady  action 
Pounds  of  water  per  squiu^  foot  of  heated  surface  per 

hour,  by  one  calculation         .... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations    -----. 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      -  -  -  -  - 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  ---.-- 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Meiui  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  .  -  -  -  . 

Mean  temp,  of  wet  bulb  tliermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temptrrature  of  gases,  when  arriving  at  tlie  chimney 
Mean  temperature  of  stemn  in  the  boiler 
Mean  temiMjrature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer  -  -% 

Mean  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  ]H)int,  by  calculation 
Mean  gain  of  lemp.  by  tlie  air,  before  reaching  grate     - 
Mean  dkFnrence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cittern        ----.. 
Water  to  1  of  coal,  from  213^,  corrected  for  temperature 

of  water  in  ciMem     -  -  .  .  . 

Pwmda  of  water,  from  312°,  to  1  cubic  foot  of  coal 

■tar.  ftam  912^,  to  1  pound  of  combustible  matter  of 
^■.•iHI  -         V         ...  . 

in  atmoapheres,  above  a  vacuum 
■naj  in  poonda  per  eq.  inch,  above  atmosphere 
IM  av-platea,  at  the  furnace  bridge 
^.of  damper,  (U.  upper)   ... 


lat  Trial. 
{TabUXCn.) 


M.1 


23.50 
7.25 
16.25 
377.5 
21.66 
10.0 
1081.75 
lOGO.O 
21.75 
54.0S75 
103.27 
6.355 
9.921 
4.6594 
46.962 
8390.0 
53'>.5 

791.0 

115.0 

744.82 
11.917 

1.973 

2.127 

7.806 

7.212 

8.0067 

58'>.19 

2880.625 
2970.875 
229^.69 
56O.0 
30.17 
8.6394 
0.195 
0.2325 

230°. 435 
6do.l85 

7.806 

9.0072 
487.17 

9.9992 
1.4415 
6.5198 
Removed. 
U.   8 


ad  Trial 


^HiSl 


U3S.0 

156.0 
104^.78 

16.  n 

2.77? 
2.7J9 

9.919 
7.3U3 

71-.55 

270*.0 
2fi0\s9 
238\66 
69v0 
29.tf35 

0.176 

o.eu!'  I 

19?\45 
32'.  33 

9.74ft? 
509.06 

10.7S42 

63207 

Open.(7rows.) 

U.     12 
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FABLES  XCVI,  XCVII,  XCVIH,  XCIX. 
'owiiy  {Pennsylvania)  coal. 


3d  Trial. 
TMeXCVUL) 


22.0 
11.0833 
14.89 
377.5 
19.85 
12.0 
1289.25 
1271.25 
19.0 
53.718 
87.361 
5.867 
8.84 
3.9324 
43.867 
10480.0 
893.7 

1607.6 

818.0 
669.295 
10.708 

1.991 

1.9T1 

8.072 

7.661 
7.7428 

700.83 

346'>.50 
272^.21 
239'>.31 
70=>.0 
29.8975 
8.8306 
0.1756 
0.1985 

275°. 67 
420.9 

8.0606 

9.1742 
492.82 


4th  Trial. 
(IWeXC/X.) 


Averages. 


n 


10.0639 
1.4286 
6.3979 

(7  rows.) 
IS 


^lovt/nbcT  15. 

9.30 
2.75 
14.07 
377.5 
18.75 
3.33 
340.75 
331.25 
9.5 
50.75 
79.27 
•  5.634 
10.76 
1.9985 
18.574 
2574.0 
440.0 

0.0 

0.0 
654.5 
10.47 

1.734 

1.739 

7.77 

8.257 
8.0438 

52°. 67 
46O.0 
1740.0 
2550.^ 
2320.16 
490.96 
30.268 
5.069 
0.561 
0  3233 
350.13 
1210.33 
230.34 

7.77 

9.0374 
458.65 

10.127 
1.4074 
6.017 

doaed. 

U.     8 


Remarks. 


52.7014 
100.428 
6.677 
9.7525 
3.4764 

36.124 


779.349 
12.466 

2.110 


8.0515 

8.262 
7.7741 


2690.781 
2710.619 


0.2406 

206O.471 
410.664 

8.0411 

9.2404 
486.925 

10  2386 
1.4263 
6.2963 


The  fourth  experiment  having  been  terminated 
on  the  same  day  on  which  it  was  commenced , 
and  the  water  level  in  the  boiler  finally  ad- 
justed, no  water  was  added  afler  the  tempe- 
rature had  fallen  below  its  usual  height ;  and, 
consequently,  no  deduction  for  temperature 
of  water  to  restore  level  is  required. 


The  height  of  the  chimney  having  been  increased 
from  41  to  63  feet,  previous  to  the  4th  trial, 
will  account  for  the  greater  draught,  as  indi- 
cated by  the  syphon,  m  that,  than  in  the  three 
preceding  triali. 


i«t^ 
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Remarks  on  Hit  preceding  synoptical  table, 

cncc  to  density,  the  above  table  proves  that  the  mean  weight  per  cubic  foot  of  the  aix 
*om  Maryland  ia  53.137,  and  that  of  the  six  from  Pennsylvania  52.551  pounds ;  or  the 
r  the  who'lc  i»  52.844»  This  is  0.506  pound  less  than  the  avera(;e  weight  of  eight  sam- 
Lthracite,  as  seen  above,  at  page  181.    The  space  for  the  stowage  of  one  ton  ia  4^.4 

• 

:nu»e  evaporation  of  water  \wx  cubic  foot  of  coal  from  21^,  by  eleven  samples  of  the 
n;jj:l)itununnus  diiss,  is  510.35  pounds ;  while  the  average  for  eight  samples  of  anthru- 
eii  in  pase  180,  is  509.93.  In  re^rd,  therefore,  to  this  property,  the  two  dassei  may 
sred,  to  all  intents  and  purposes,  identical. 

sFBge  number  of  cubic  feet  of  water  supplied  to  the  boiler  per  hour,  while  testing  the 
^Z  coals,  ifl  shown  iii  the  last  column  but  one,  on  page  305,  to  have  been  13.726;  while 
nrresponding  column  of  page  179,  it  will  be  seen  that  the  average  for  eight  samples  of 

was  13.003  cubic  feet,  showing  a  difference  in  favor  of  tlie  free-burning  class  of  1.723 
=14.35  per  cenU  When  compared,  however,  witii  the  two  samples  of  aH}fitial  cokty 
witli  the  anthracites,  at  the  page  last  cited,  and  of  which  the  mean  evaporation  was 
bie  feet  per  hour,  even  the  freeAjuming  coeU  ore  seen  to  be  inferior  to  the  &i^x»»  Thus 
3.726=  1.982  cubic  feet,  which  is  14.44  per  cent,  of  the  rate  of  evaporation  by  the 
liis  circuniJiLHiice  justifies  tlio  use  of  coke  in  locomotive  boilers,  in  preference  to  any 
,  where  the  price  (foes  not  interfere  to  prevent  it. 

>erior  rapidity  of  action  by  coke  is  explicable  from  the  known  fact  of  its  porous  texture, 
ad y  admisiiion  of  air  to  a  vast  extent  of  surface  for  combustion,  reaembling,  in  this  re- 
ccfu  in  the  lun<:s  of  animals,  which  are  so  adminibly  fitted  to  expose  laige  surfaces  for 
nljsorption  of  oxygen  in  the  analogous  process  of*^  respiration.  Coals  which  contain 
)lc  quantities  of  vaporixable  incombustible  matter,  such  as  water  and  salts  of  ammonia, 
and  other  carbonates  decon)i)08ibIe  by  heat,  are  constantly  generatin|»  while  in  combus- 
»tances  which  not  only,  when  in  contact  with  the  fuel,  interfere  with  rapid  combus* 
n  the  flues  occupy  the  space  which  would  otherwise  be  left  for  the  true  products  of  com- 
I  escape  with  more  ease  and  rapidity. 

exhiuitcd,  in  rcsjiect  to  the  anthracites,  the  steam-generating  and  the  lead-reducing 
the  unit  of  combustible  matter  of  eacJi  sample  in  pArnllel  columns,  I  may  here  arrange 
.iniing  coals  in  reference  to  the  same  sets  of  results.    They  stand  as  follow* : 

Steam  to  ]  of  Lead  reduced  to  1 

combustible.  of  combustible. 

:insnn  &  Templeman's  -  .  - 

in's  Run       -  -  -  -  • 

IV  York  and  Maryland  Mining  Company  - 

iphin  and  Susquehanna  ... 

tby  dfc  Smithes  -  -  -  - 

ssDurg         -  .  -  -  - 

iby's  '*  Coal-in-Store"  -  -  . 

UHningcrcelr  -  -  -  • 

r«  - 

nbria  county  -  -  -  - 

rthaus  .  -  -  -  - 

Mean  r  "  "  " 

Mean  for  the  anthracites  ({wge  181)  - 

nining  the  right-hand  column,  or  rtductitt  powers^  of  the  above  table,  we  perceive  that 
ira  do  not  conform,  or  even  approach  to  tlie  order  of  those  expressing  the  eraporatirr 
it  rather  tend  to  the  reverse  oraer;  and  tills  is  true  whether  we  compare  the  free-burn- 
fimong  themselves  or  tlieir  whole  class  with  that  of  the  anthracites, 
rmation  of  the  general  fact  that  anthracites  exhibit  a  higher  reductive  power  than  nny 
uminous  doss,  I  may  cite  the  experiments  of  M.  Baudin,*  who  found  the  mean  reduc- 
:r  of  the  combustible  matter  of  the  anthracites  of  Charbonnier,  ^Brassac,)  Messeix« 
k)rdogne,)  and  Chamblcd,  (Conimentry,)  to  be  33.52,  which  is  between  the  results 
linedlfor  the  Lackawanna  and  Peach  M!ountain  anthracites ;  aod  for  three  different  fnt' 
»ituminous  coals,  (those  of  Lacombelle,  Deux  Chaises,  and  Lea  Barthes,)  varying  in 
atter  from  17.7  to  20.2  per  cent.,  he  obtained  a  mean  reductive  power  of  31.393. 


11.624 

30.060 

11.275 

30.902 

11.208 

30.331 

11,171 

31.183 

11.034 

33.010 

10.956 

32.542 

10.935 

32.695 

10.724 

39.891 

10.604 

30.717 

10.238 

31.464 

9.887 

33  309 

10.877 

31.736 

10.537 

32.517 

•  Annates  des  Mines,  tom.  1,  4me  8006, 1842,  pp.  87, 90, 9S,  94. 
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CLASS  III. 


UITL'MINOUS  CAKING  COALS    FROM  THE  EASTERN  COAL-FIELD  OV  YlBStSOlf 

IN  THE  NEIGHBORHOOD  OF  RICHMOND. 


SAMPLES. 

No.  1.  Barr's  Deep  Run. 

2.  Crouch  and  Snead^s. 

3.  Midlothian  900  feet  shaft,  (average.) 

4.  Creek  Company's. 

5.  Clover  Hill. 

6.  Chesterfield  Mining  Company's, 

7.  Midlothian  average, 

8.  Tippecanoe. 

9.  Midlothian  "  new  shaft.'' 

10.  Midlothian  screened, 

11.  Midlothian,  (navy-yard,  Washington.) 


General  characters. 

The  range  of  specific  gravities  in  this  class  is  nearly  the  same  as  Iff 
that  of  the  free-burning  coals  ;  but  the  average  is  rather  less.  The  Bf^ 
rage  weight  per  cubic  K>ot  is  also  less  by  about  3.5  pounds.  These  co^ 
burn  with  a  long  flame  and  much  smoke— giving  an  intumesCent,  eohe' 
rent  coke,  preserving  nothing  of  the  original  form  of  the  coal. 


Doc.  No.  276.  909 

No.  1. 

nous  coal  from  Deep  Run  minesy  in  the  neighborhood  of  Richmond^ 
Virginia^  sent  for  trial  by  John  Barry  esq, 

mpanying  this  sample  was  the  following  letter  from  the  proprietor : 

"  Richmond,  October  10, 1843. 

:aji  Sir:  Having  been  informed,  through  J.  R.  Anderson,  esq.,  that 
id  only  a  small  portion  of  the  sample  of  coal  sent  by  me  to  the 
ard  some  time  ago,  I  now  beff  leave  to  hand  you  annexed  bill 
ag  for  four  hogsheads  of  Deep  Run  coal,  shipped  per  the  schooner 
[.  Dawson,  on  which  I  have  paid  the  freight. 
lu  will  confer  a  favor  by  testing  its  qualities ;  and  I  should  be  glad 
would  inform  me  of  the  result  at  your  convenience. 
^^  Respectfully,  your  obedient  servant, 

"JOHN  BARR, 
"  per  J.  J.  VAUGHAN. 
»fessor  Johnson, 

^^Navyyardy  Washington.^ 

les  the  four  hogsheads  of  the  coal  mentioned  above,  a  single  hogs- 
sft  from  a  sample  previously  received  at  the  yard,  was  included  in 
nple  tried  for  evaporative  power,  and  its  effect  is  given  in  the  table 
fifth  trial. 

exterior  characters  of  the  Deep  Run  coal  are  a  jet-black  color  and 
I  surface,  particularly  in  the  main  partings.  The  distinctness  of 
3ind  their  nearness  to  each  other,  give  the  coal  the  appearance  of 
bliated. 

lis,  as  in  several  of  the  bituminous  coals  of  Pennsylvania,  the  main 
;s  are  at  an  angle  of  85^  with  the  surfaces  of  deposition.  The  fa- 
nth  which  the  coal  separates  at  the  main  partings,  causes  it  to  fall 
'  into  small  pieces  ;  and  this  circumstance  ^ives  the  average  weight 
bic  foot  probably  somewhat  higher  than  it  would  have  been  had 
lole  been  in  the  state  of  lumps.  The  cross  partings  give  rather 
ar  sui£ices;  but  there  is  a  general  tendency  to  form  rhombic 

specific  gravity  of  two  specimens,  a  and  6,  was  1.4023  and  1.3628; 
le  mean  of  which,  the  weight  of  a  cubic  foot  of  solid  coal  is  86.41 

ing  the  experiments  on  evaporation,  48  charges,  of  2  cubic  feet  each, 
IS  the  mean  weight  per  cubic  foot,  63.174  pounds.  Hence  the 
weight,  in  the  condition  in  which  the  coal  was  received,  is  0.6153 
ealcalated  weight  from  specific  gravity.  The  space  required  for 
8  42.126  cubic  feet. 

I  moisture  expelled  in  drying  portions  of  the  two  specimens  was, 
1.75,  and  for  b  0.5.  In  the  steaming  apparatus  at  the  navy>yard, 
inds  lost  in  four  days  8  ounces,  or  1.785  per  cent. 
\  volatile  matter,  other  than  moisture,  from  specimen  a  was  19.2, 
)m  6  19.2.  The  earthy  matter  in  a  was  14.919,  and  that  in  b  only 
Hence  the  fixed  carbon  in  a  is  66.131,  and  in  b  75.214.  Volatile 
d  combustible  1 :  3.392,  and  1 :  3.917. 
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Besides  the  preceding  analyses,  an  experiment  was  made  on  about  forty 
fragments  from  as  many  different  specimens  of  the  coal,  (some  from  each 
cask,)  which  gave  the  following  result : 

Moisture          .-.---  0.628 

Other  volatile  matter    -----  19.782 

Earthy  matter  ------  11.468 

Fixed  carbon 68.122 


100. 


Hence  it  appears  that  the  fixed  is  to  the  volatile  combustible  is 
08.122:19.782  =  3.443:1. 

The  coke  of  this  coal,  when  produced  rapidly,  is  intumescent;  and  the 
vessel  in  which  the  coking  process  is  performed  is  represented  by  a  cast 
which  fills  the  interior;  and  the  mass,  on  being  cut  through,  exhibits 
distinct  concentric  layers,  indicating  a  succession  of  stages  in  the  process 
of  coking.  The  vacant  spaces  between  the  concentric  shells  are  less  in 
amount  than  the  solid  parts  of  the  mass. 

The  ashes,  from  analysis,  vary  in  color  from  yellowish  white  to  neariy 
flesh -red  ;  thosQ  from  the  mixture  of  forty  fragments  are  of  a  very  light 
fawn  color. 

During  the  five  trials  on  evaporation,  there  were  burned  6072.75 
pounds  of  this  coal ;  and  the  total  waste  from  the  furnace  in  the  state  of 
ashes  was  319.39,  and  in  clinker  244  pounds.  From  the  flues  were  ob- 
tained 21.5  pounds  of  soot. 

The  ashes  gave  by  reincineration  12.1  per  cent,  of  combustible  matter, 
tlie  clinker  0.873,  and  the  soot  54.71  per  cent.  This  reduces  the  total 
incombustible  residuum  from  all  these  s^ources  to  531.35  pounds, or  10.475 
pc  r  cent,  of  the  coal  burned. 

The  following  may,  therefore,  represent  the  proximate  constituents  oi 
tills  sample  by  the  large  analysis  actually  carried  on,  in  part,  in  the  fur- 
nace, viz  : 

Moisture,  by  drying  28  pounds    -  -  .        1.785  percent 

Other  volatile  matter,  from  40  specimens  -       19.782        " 

Earthy  matter,  from  5072.75  pounds        -  -       10.475        " 

Fixed  carbon,  by  difference         -  .  -      07.958        " 

100. 


Which  gives  the  volatile  to  the  fixed  combustible  1 :  3.4354. 

The  ashes  weigh  44.86,  the  clinker  33.5,  and  the  soot  12.23  ponnd^ 
per  cubic  foot.  The  clinker  is  in  large  black  porous  masses,  evincins 
much  fusibility,  glazing  and  incrusiing  the  shaly  and  other  foreign  mat 
ler  mixed  with  it.  It  manifests  some  tendency  to  spread  out  into  sheets 
but  does  not  attach  itself  with  any  considerable  force  to  the  grate-bars 
When  pulverized  and  completely  calcined,  its  color  becomes  a  dark  brown 
while  the  residuum  from  the  ashes  is  of  a  red  gray,  and  that  from  thi 
soot  a  lighter  red,  nearly  approaching  to  £iwn-colored. 

A  trial  of  specimen  b  with  oxide  of  lead  resulted  in  reducing  24.9* 
times  its  weight  of  metallic  lead.     This,  after  deducting  eeurthy  matte 
and  moisturej  shows  the  combuslWAe  m%T^6\^w\s  va  \f^%^i&^^  a  teducini 
power  of  20.416.     duanlity  o£  cod.  ess^^ed^ *iVi  ^\ik\?s\^. 
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;  there  might  be  some  source  of  error  in  the  preceding  trial,  I 
rtion  of  the  mixture  of  40  specimens,  performed  the  experiment 
(ion,  and  obtained  24.62  times  its  weight  of  lead.  Coal  used,  10 
3ad  to  1  of  combustible,  28.007. 

chain  shop,  this  coal  burned  with  a  long  flame,  with  no  extra- 
amount  of  smoke,  gave  a  lively  heat,  and  was  pretty  well 

0  making  chain.  Sixty  pounds  of  it  put  in  eight  links  of  1||- 
in.  The  coke  is  light,  and  rather  difficult  to  be  kept  in  place 
trong  blast 

ordinary  smith  work,  to  which  it  was  apfdied  in  the  anchor- 

'as  found  '<  a  strong  coal,"  making  a  hollow  fire,  which  stood  a 

• 

aount  of  volatile  matter  is  insufficient  to  render  this  a  suitable 

as-making  purposes.    For  domestic  applications,  it  possesses  the 

^  giving  a  lively  fire,  with  much  less  smoke  than  most  other 

rom  the  Virginia  coal-field  to  which  it  belongs. 

cendibility  of  the  coal  is  indicated  by  the  lengths  of  time  taken 

Lhe  boiler  to  steady  action,  which,  in  the  several  trials,  were  as 

:  trial  -----  1.416  hour. 

nd  trial 1.700    « 

d  trial 1.400    « 

rth  trial  .  -  -         •-  -  1.683    « 

1  trial 1.600    " 


Mean 1.620    " 

and  31  minutes. 

ean  weight  of  coke  left  after  each  trial,  besides  what  passed  the 
was  weighed  with  the  ashes,  was  only  6.4  pounds. 


i 
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5.12 

0.3G 

GTajUMI 

4.« 

irii 

M     \  -Ml 

31.' 

57 

235. 

(hi  1  29-9ii|  0.547 

5.  IV 

0.35 

7143  1  . 

5.].^ 

lid 

5tt     1  d(>t 

33*. 

57 

231 

62  '  2;P.95;  0.549 

5.06 

'o!35' 
0.30 

■75W!W.= 

5.4(1 

•.2 

58    1  37^ 

335 

57 

.... 
22!) 

61  1  29.9:   0.5S9 

5.28 

7.10 

liO.5 

57      273 

2CH 

57 

2>*. 

GO  1  30.01   0.520 

5.37 

0.30 

6311    .: 

9.ai 

0.45 

l» 

M.S  29rt 

220 

57 

230 

59  j  30.01   0.53)1 

5.91 

0.25 

Mill  . 

Oct.  ai 

»!. 

16       IT. 

[74 

57 

20f 

53  1  30.071  0.366 

G.90 

0.19 

H5.L 

Period  ofsteadfaciionfroin  lOA.  «.  m.  In5i(.  7m.  p.  ni.  =  7A.  7j 
745  11k.;  vBier  10 ihrbuiler, 0197.13  lbs.;  water  lu  lofci»il,R;i05. 

N.  B.  After  tbU  iripl,  ii  wk:i  found  ihai  vnt  ruw  of  hi.les  in  ilie 
pni,  itdnciDf  (bcin  ig  13  X  34  =  442  holes,  |  inch  in  diamiier, 


.;  cubI  sDppUeil  luibci'** 
lir  plain  ha.l  befli  tnntt 
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REMARKS.— Qraie  furfnce  14.07  square  feet;  lengih  of 

.5 

circuil  ol  btaied  gaseilSl  feel;  heighl  o\  chimney  63 
feet. 

L 

=   Bi 

t%-' 

l^£ 

ut 

iij 

3 

a 

s 

51.0 

149 

-45 

Morning  cloudy,  with  rain;  wind  SE.,  fresk  commenced 

bring. 
Woud  cunsuraed,  55  Iba.;  comnienced  charging  wiih  coal. 
Damper  .et  8  inches. 

53.2 
51. :2 

131 
1-J3 

+10 
^12 

68 

0.950 
9.936 

'w!i' 

'i^" 

51. -2 

139 

95 

1.785 

51.  A 

139 
151 

llti 

a. 17* 

Filled  lank  at  lOt.  Gin.  8.  m. 

53.R 

"m 

'h'.m 

Cube  and  ccal  pass  in  considerable  yuaniiiies  rhrough 
Ihe  graie. 

SJ.4 

lis 

9« 

9.346 

H.8 

IH6 

88 

1.356 

A  siifihi  irrexularii)-  of  aclion  occurred  al  1 U.  15«.  by  rhe 
rallioi;  ofMmeoflhegralwbar,',  which  had  bfLome 

<9.S 

179 

85 

1.T96 

warped  and  deranged  bv  being  orer-heated. 

54.8 

183 

103 

9. 1B7 

54.0 

ltl3 

103 

i.eu 

55.3 

163.5 

113 

3.419; 

SS.7 

181 

1*7 

9.130 

M.7 

IM 

1« 

9.na 

58.9 

191 

\H 

9.931 

Filled  tanlcBiat.ISm.  p.m. 

EG.9 

191 

115 

3.391 

Liule  ^mDlIe  Irom  cbimnej  to-day,  except  when  stoking 

or  chnrging. 
Wind  NW.,  very  lighr;  sun  shininiR  commenced  draw- 

55.7 

196 

107 

9.359 

S5.7 

199 

116 

9.19^ 

ing  giuex  ai  4*.  4Gin.;  drew  in  3U  minuLes  5  secundn 
lOi)  cubic  inches,  which  gare  water  1.36  grain,  car- 
bonic acid  4.98  (Trains,  oxygfii  II  S75  cubic  inche>; 

57.1 

904 

"167" 

's!969 

pil  ihrown  on  graie  al  5A.  30™  p.  m. 

57.1 

aio 

106 

Waier  in  boiler  left  l.l  inch  above  normal  level;  damper 
reduced  10  4  inches. 

54.8 

919.5 

40 

Water  led  at  0.3  inch  below  noimat  level:  damper  and 
air  plaie  clo-ed.                                                 ^ 

51.4 

asa 

-10 

Waier  left  at  0.03  ii-ch  below  normal  level. 

48.9 

194 

—39 

_ 

Water  in  boiler  adjured. 

Poundi. 

43.7» 

m.50 

ihiBd  brUg* 4.93 

118.48 

woodaahca 0.|i,9 

Me  of  coil IISTSII 
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TABLE  CV^ABM 

TEMFEHITUBES  DF  THE 

i 

^ 

1 

5 

i 

B 

.5 

1 

■    1 

Date. 

Boor. 

ft 

It 

5"E 

1 
it 

5'= 

3 

3 

• 

.£ 

i 

s 

9 
1 

1' 

3 

"B 

^1 

Ev 

J 

M) 

« 

w 

*^ 

S 

< 

1 

t 

1 

1 

i_ 

J 

i 

i 

Oct.  27 

ftl 

(6 

m 

149 

55 

ir>7 

47 

29.M 

0.36-2 

6.97 

0.16 

7.  IS 

« 

14.5 

im 

« 

35 

■Jaw 

4<i 

39.61 

0.170 

5,HS 

0.33 

;  1 

7.W 

44 

*6 

m 

370 

55 

aj9 

46 

29.61 

U.550 

5.07 

0.31 

*nI1 

H.40 

48 

45 

136 

369 

55 

230 

46 

29.63 

0.510 

5.17 

0.33 
0.36 

i» 

477 

^ 

'j'M' 

'48* 

4g'" 

'l3^ 

■397 

si 

■233" 

17.5 

'29.'6l 

olsis 

siii 

■ 

9.45 

50 

47 

145 

330 

53 

333 

49 

B9.61 

0.551 

5.03 

0.40 

ep7 

111.  15 

10.45 

51 
52 

48 
49 

166 
173 

314 
330 

51 

233 
33-: 

J9 
50 

20.62 

39.62 

U.M9 
O.S4« 

5.Q8 
5.10 

0.38- 

1113 

o.x 

'isx 

■i 

11.15 

W 

51 

«IM 

334 

5S 

233 

50 

29.62 

0.535 

6.22 

0.35 

\1IS 

"" 

11.45 

£6 

51 

■Jin 

318 

53 

333 

51 

29.62 

0.643 

5.14 

0.36 

91  IT 

•3 

u'.is 

SC 

51 

31S 

328 

K 

333 

SI 

29.62 

O.SM 

6.07 

0.39 

836a 

0,45 

57 

b-2 

3M 

33i 

*J 

233 

53 

39.61 

O.W 

6.10 

0.39 

ft« 

m 

1.15 

59 

53 

S3(l 

340 

5i 

■a-i 

53 

29.60 

0.556 

6.07 

0.88 

son 

1 

i.45 

^ 

56 

ail 

343 

52 

2M 

54.5 

29.6i 

0.660 

5,07 

0.39 

M4S 

m 

1 

3.15 

£0 

51 

as 

3G1 

53 

233 

56 

29.61 

0.666 

5.07 

0.40 

3811 

tit 

2.45 

69 

55 

M7 

358 

5S 

232 

56 

39. « 

0.6H 

5.07 

0.37 

43» 

1 

3.15 

61 

65 

asi 

354 

52 

232 

56 

39.6: 

O.aiE 

6.10 

0.36 

186T 

•fii 

3,45 

61 

94.  G 

BSS 

84S 

SS 

33d 

» 

29.61 

0.K7 

6.01 

0.37 

5)79 

4.U5 

63 

K 

253 

357 

52 

23'i 

?5.6 

29.6! 

0.5«e 

ff.flS 

0.37 

5507 

4.35 

59 

53 

953 

335 

53 

•J33 

56 

29  64 

B.MO 

6.17 

0.35 

aw? 

IM 

5.0(1 

^ 

M 

360 

3HI 

53 

'iii 

56 

39.64 

O.MD 

4.96 

0,40 

6)35 

5.30 
fi.OO 

£1 

55 
54 

368 

36S 

3S0 

i3 
53 

332 
232 

56 
56 

29, 6S 
29.69 

0.552 

0.558 

5.05 
5.00 

0.39 

6723 

117.1 

'6!38' 
0.34 

77a 

k'.Vj 

58' 

5B" 

flTO 

397 

54 

'230" 

m"' 

aslffl 

o!mo 

slif 

8.15 

53 

4S 

963 

94g 

53 

9-38 

53.6 

29.76 

0.514 

S.4S 

0.39 

7900 

Oct.  28 

4!  56 

49 

4 

^16 

190 

53 

334 

19 

29.95 

0.475 

5.80 

0.3t 

7904 

49 

44 

214 

190 

53 

223 

49 

29.99 

0,465 

6.90 

0,31 

7942 

e'.ia 

53 

4e 

301 

184 

53 

3-W.5 

48 

»1.00 

0.443 

6.12 

n,3'i 

796;; 

=  7i.I6n.    Coal  saftH^" 
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REMARKS. -Grtie  surface  14.07 sinare  feel ;  lengih  of 
clr.nit  Q(  lieaied  gn^a  Hi  leei;  hei^lil  of  chimne;  63 

1- 

ft 

55 

ii 

III 

H 

Q 

5" 

a 

Wind  NW,,  fre><h;  raiaine;  water  in  )>oiler  0.73  inch  be- 
k>iv  normaf  level;  fire  m  small  fuinaee. 

i.n. 

314.9 

70 

-18 

Cummeuced  tiring  al  bh.  30in.  a.  m. 

40.:^ 

77 

+61 

].W 

Ai,<i 

BO 

4t 

Woud  consumed,  235.25  Ib^.;  commenced  charging  wilh 

8.% 

40.0 

88 

3!l 
61 

0.476 
1.444 

cial;  sleam  blows  olTal**.  47m. 

- 

rj.g' 

'"'66' 

Nearly  a  charge  of  fine  coal  in  ihe  ash  pit  pa&sed  through 

_ 

42.6 

ns 

97 

1.749 

Ait  pliires  hair  opened;  coal  from  a-^h  pFi  relumed  lo  fire. 

- 

43. S 

115 

Bl 

1.780 

Wind  NW.,  brisk;  clearing  off;  siestn  allowed  to  escspe 

from  ba<k  vslve  al  10*.  BOm. 
Commenced  drafting  gases  ailOA.  3aiii.  a.m.;  drew  in  GO 

1D.» 

45.1 

lil 

"es" 

'2;677 

minuies  ;ai  vviooa  ioiervah,  unlil  1*.  S9in.  p.  m.)  100 

46.3 

137 

91 

1.334 

cubic  inches,  which  gave  water  0,80  grain,  carbonic 

11.13 

45.x 

151 

SO 

1.75!) 

add  4.53 grains,  oirgen  13.75  cnbic  inches;  lempera- 
lore  or  barh  5P.    Pilled  lank  al  1  \K.  34ni. 

45.3 

156 

96 

1.297 

0.4O 

4li.5 

i(i7 

100 

1.764 

returned  10  iire. 

46.8 

171 

lOS 

i.sia 

l,S5 

50.7 

171) 

no 

3.183 

48.1 

186 

128 

2.100 

ih 

48.5 

185 

lai 

2,713 

49.4 

191 

m 

3.69t 

I.U 

48.^ 

191 

1)3 

1.653 

48.5 

lUI 

135 

3.607 

Filled  lank  nH*.  28™,  p.m. 

1.17 

46.8 

194 

103 

2,013 

44.1 

200 

118 

1.571 

- 

49.4 

49.1 

S03 

aog 

130 

3.110 

Coal  burned  to-day  all  fine. 

S.42 

'i28  ' 
97 

'i!675 

Air  plales  closed ;  cloudy  since  sonsel. 

""" 

■«:i' 

"sia" 

Cunienisofasb  pit  on  grate;  water  1.1  inch  above  normal 

level. 

41. t 

210 

20 

Water  at  0;  both  valves  double  weighted;  pressure  rises. 

35.1 

lfi7 

—31 

Water  at  0,28  inch  below  normal  level. 

35.1 

IG5 

-33 

Water  0.2  inch  below  normal  level. 

.     - 

41.1 

148 

-3fi.5 

- 

Water  adjustedin  bailer. 

Agbes  behind  brU^. 4.35 


^W  wuie  (h)m  coal . . 
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TABLE  CVI^BAIW  k 

TEMrEHATUBiaOF 

THE 

1 

E 

i 

1 

\ 

1 

£ 

j 

-1' 

a 

h 

\ 

Dale,     Uuuf. 

li 

1 

1 

^ 

1 

f 

£  . 

MS, 

1^1    5 

1 

li 

ts 

-3 

l'^ 

J  jI 

l« 

ir 

a 

t 

o"^ 

"52 

^ 

p 

l_ 

l"B 

s 

l_ 

£ 

1 

jli 

> 

2 
• 

1 

*.  n, 

53 

16 

aoi 

lfl( 

53 

3i».5 

48  ,  30.00 

0.443 

6.13  0.30 

16 

13 

iHi 

393 

53.5 

a-M 

47 

30.03 

0.580 

4.78  O.Si 

- 

m 

7.55 

W.5 

13. S 

17G 

318 

53.5 

353 

4'i 

30.00 

0.700 

3.00 

0.33 

11.44 

S53 

llll 

"rtlij" 

si" 

47 

164 
195 

371 

si' 

54 

'3m" 
•J5^ 

48 

30.0t 

■6!78- 

0.7S0 

iiii' 

3.83 

:  9.(K) 

Vm 

"w 

'  ft.  10 

ss 

W 

315 

375 

54 

■J5>) 

51 

30.08 

0.77- 

3.81  hi. 39 

1411 

..... 

10.10 

S7 

19 

■na 

■257 

53 

3.1.  OU 

O.770 

3.!ll   1)35 

1813 

I»0 

10.30 

56 

48 

m 

357 

53 

ao.ffl 

0.785 

3.7(i 

O-tb 

30117 

11-110 

58 

50 

S3S 

358 

51 

311,  H! 

0.7'*1 

•2.80 

0.39 

3303 

LQi 

11. ao 

56 

a 

ail 

386 

M 

308 

51 

30.1* 

0.787 

2.74 

0.46 

2933 

o'oii 

59 

50 

245 

3H0 

53 

3111 

51 

30.0: 

0.779 

3.83 

0.41 

31^ 

MJ 

,  0.30 

58 

50 

250 

3f» 

54 

3:rtl 

51 

30.(N, 

0.763 

3.98 

0.39 

4013 

58 

50 

m 

364 

54 

3.10 

54 

;m.05 

0.77:1 

2.88 

0.37 

43ti5 

IlLI 

i.aa 

iO 

51 

Ms 

369 

M 

359 

55 

30,0.) 

0-719 

3.93 

0-3» 

4891 

'■  a.ia 

69 

53 

m 

38d 

5« 

•25H 

5(i 

30. 0:. 

0.773 

3.83 

0.36 

5358 

IIM 

■i.ib 

63 

£3 

■J73  aci 

58 

360 

56 

30. (Mi 

0.77J 

3.88 

0.3- 

5885 

m^ 

3. IS 

G3 

63 

-274   3ef 

54 

3JH 

5i; 

3«.()si0.7iy 

3.93 

0.38 

6315 

3,15    Ii3 

■?J4 
379 

370 
361 

64 

■258 
357 

57 

58 

;!().05;0.77J 

3.89 
3.08 

0.38 

66.U 

118.0 

4.15 

63 

30.0.^ 

n.75; 

0.33 

fas 

8138 

■r,;i5 

ii" 

is" 

■i74 

3^ 

ss" 

•jai' 

■57' 

'36  ."on 

'6!53l 

b'iii 

H.OO 

53 

47 

370 

330 

56 

-231 

53 

30.10 

0.536 

5. -20 

i.aft 

8313 

Oci.  fi9 

I'.Bii 

a 

40 

1i04 

IS7 

M 

217 

45 

30. 13 

0.113 

6.43 

3-31 

8311 

7.10 

13 

10 

aoii 

186 

54 

316 

45 

30.14 

0.403 

6.53 

).3r 

8391 
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fi 

I 

1 
1 

s 

1 

a. 

1 

is 

11 
pi 

III 

1 

IE 

ill 

REMARK3.-Gr»ie  snrfaM  14.07  sqiwre  Tmi;  lenph  ot 
circuil  or  healed  B"->e»  131  feel;  heiRlil  of  cliimney  63 
leei. 

in. 
1.03 

B.in 

41.1 
37.4 

34.3 

148 
135 

1S7,5 

-3(i.B 

f63 

G6 

91 

ilG* 

117 
103 

115 
130 

13d 

119 
Ifll 
104 
110 
134 
104 
lOfi 
113 

1. 141) 
3.623 

s.e3i 

3  288 
1.303 
3.63a 
3.;H 

■3.87S 
3.903 
1.665 
3.T97 
1.649 
3.79-i 
1.749 
3.198 

Morning  clear;  wind  NW.,  lighl;  commenced  firing. 
WooJ  consBined  81)  Itis.;   cummenced  cbarging   wilh 

coal. 
Sleam  e«:apM  ander  foor  weights  (aboal  13S  pounds)  on 

each  valve;  m^ikinst,  wilh  ihe  weight  of  ihe  ralve,  19 

pounrls  per  square  inch.    Damper  set  8  inches  at  Bi. 

Om.  a.  m. 

Filled  tank  at  IIM.  On.  a.  m. 
Wind  KE.,  brisk;  clear. 

Coal  in  drying  apparalas  weighed  lo-day  37  lbs.  9  oz. 

Filled  lank  at  3A.  10j».  ;  pan  of  Ibe  coal  burned  lo-day  is 
iu  lumps,  cauamg  ihe  fire  lo  burn  more  vigoronsly 
iliBu  before;  a  large  atnouDi.Duiwiihsiandlng,  pasties 
lhrauj(h  gniie ;  coDieuls  of  ash  pit  Ihrowo  on  graie  al 
«.  )5«. 

Eiira  weights  removed  at  5*.  Om.;  waler  in  boiler  led  U 
0,3  inch  above  normal  le«l. 

Waier  lef\  at  0.3  inch  below  normal  level. 

Water  0.43  inch  below  normal  level. 
Wfller  in  boiler  adjusled. 

3H.a 

3S.I 

3A.3 
3S.5 
36.a 
40.1 
37.3 

40!) 
40.1 
40.G 
43.7 
43.7 
43.7 
45.1 

45.1 

39.6 

35.6 
35.6 

133 
NS 

len 

1G5 
16S 
174 
IS3 

16S 

\n 

■iOi 
QOl 

■in 

3U 
911 

316 

"m" 

aiB 

163 

160 

S.M 

107 
97 

—30 
-30 

3.195 
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TABLE  CVIL— DEDUCTIONS  PHOM 

Experimmii  m 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 
24 

25 

26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 


Nature  of  the  data  furnished  by  the  respectlTe  tables* 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours         -  .  « 

Area  of  grate,  in  sauare  feet        -  .  .  « 

Area  of  heated  surface  of  boiler,  in  square  feet  • 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate^  in  pounds 
Pounds  of  coal  actually  consumS  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  tlie  total  waste,  per  cent.       « 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temoemture  of  water,  in  degrees  Fahrenheit 
Pounds  ot  water  supplied  at  the  end  of  ex])criment,  to 

restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  end  of 

exnerimcnt,  in  pounds  -  -  -  - 

Pounos  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  " 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation         -  -  -  ^ 

Pounds  of  waterp.sq.  A.,  by  a  mean  of  several  observations 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  rcduU       ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mcaii  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  - 

Mean  temp,  of  wet  bulb  tliermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  teinperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Moan  h*  ighl  of  barometer,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation  - 
Mean  gain  of  tempentturc  by  the  air,  before  reaching  grate 
Mean  difference  between  8team  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212P,  corrected  for  temperature 

of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal  - 
Water,  from  212^,  to  one  pound  of  combustible  matter 

«f  the  fuel      ------ 

■ 

44  MeaB  pressure,  in  atmospheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
46'    Condition  of  the  air  plates  at  the  furnace  bridge 

47 1  Jjiehet  opening  of  dami)er,  (U.  upper)  -  .  - 
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OdskrSa. 

22.333 
4.933 
14.07 
377.5 
18.75 
8.0 
825.5 
816.5 
9.0 

51.5937 
102.676 
7.297 
10.833 
4.0627 
37.501 
6735.0 
60^.3 

63.0 

9.0 

845.003 

13.52 

3.238 
2.237 

8.225 

8.229 

7.5988 

590.43 
51°.  46 
J97O.50 
280O.0 
2300.93 
550.29 
30.051 
4.991 
0.5584 
0.3611 
420.31 
1380.07 
580.il 

8.225 

9.4364 
486.86 

10.5829 


1.4373 
6.4577 

Closed. 

U.      8 
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OUokrSi 

24.33S 
5.661 

14  07 
377.5 
18.75 
10.0 
1049.S5 
1U37.S5 
5.0 

53.1195 
110.8B1 
7.8(6 
10.317  j 
4.8977' 
47.933 
8117.0 
550.6 

193.0 

17.0 
GS3.065 
13.169 

9.18 
3.927  j 

7.809 

7.08 
8.003S 

600.77 
520.41 
2130.0 
3170.O6 
2310.2 
5fi0.94 
30.132 
4.87M 
0.5699 
0.3933 
450.68 
1520.23 
920.17 
7.89 

8.9947 
468.74 

10.0189 


1.4733 
6.9W4 

r. 
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4ih  Trial. 

Slh  Trial. 

A^eragoB. 

Remark*. 

•Ml  CIV.) 

CTWfaCC.) 

(r^fccn.) 

t»>»«r25. 

OflabtT  27. 

Oc(rt«r2d. 

24.667 

25.167 

35.25 

:.11G 

7.267 

6.966 

14,07 

14.07 

14.117 

377.  S 

377.5 

377.5 

W.75 

18.75 

18.75 

10.0 

10.0 

10.0 

1063.5 

1065.75 

1107,75 

1D5T.T5 

1060.25 

llUl.O 

i.Va 

5.5 

6.75 

C.40 

53.175 

53.aH7S 

55.3CI75 

53.1112 

I04.6'J4 

103.137 

113.479 

106.933 

7.441 

7.33 

8.WS 

7.5998 

11.165 

10.UU9 

I3.1-J4 

11.073G 

4.1305 

A.;m 

G.0518 

4.7491 

Sfi.'WH 

45.335 

46.108 

4a.&Bi 

On  Ac  2d  anil  5lh  Iriola  (he  mean 

e459.0 

7966.0 

6394.0 

rale  ofMmbuition  wo*  consiiJ- 

Sff'.O 

52°.  4 

5a°.o 

erably  more  rapid  thun  011  ihe 
other  three  daya ;  and  ihe  nro- 
portion  of  clinker,  on   ifuwc 

ae.o 

66.0 

80,0 

iwo  CnaU,  ia  et«rt  moK  ul>o<e 

5.0 

4.0 

12  0 

thai  of  ibe  other  three  dara 

870. b74 

775.873 

879.84 

838,931 

13.927 

12.414 

14.U77 

13.431 

showing   the  eflect  of  rapid 

a.30c 

a. 055 

2.313 

a.31B 

earthy  mateiitda. 

2.399 

2.045 

3.322 

7.985 

7.51 

7.613 

7.8284 

8.305 

7.522 

7.753 

7.8490 

7.8372 

3.3223 

8.2096 

7.9923 

63°. 31 

570. 42 

50°.  M 

5i^.UG 

520.29 

500.31 

a37«.9l 

22EP.26 

243°. 67 

Mao,  874 

1370.29 

3J70.75 

371°. 31 

3aj0.68 

A  gradual  increase  uf  lempcm- 

S31°.82 

3320.26 

2580.375 

ture  in  ihe  cacopiug  puifK  w 

S9°.0G 

53°.03 

530.75 

iisible  from  the  firal  Ut  the 

39,949 

99.636 

30.067 

firth  trial. 

S.0S3 

5.D81 

2-667 

In  the  firiit  experitneni,  winch 

0.5519 

U.54yi 

0.7743 

pivo    Lhc    higlieal   nsiiil    ir> 

0.3969 

0.36a 

o.;wi4 

0.3821 

evaporative  effpri,  ihr  rn.'eBi 

hip  14 

46°  91 

40°. .SI 

marked  in  ikii  line  il  fiu-  leu 

17*0.73 

164°,  S4 

lS5°.a3 

163°, 02 

than  in  eitherBf  llieTeil— dtie, 

106°  23 

1090.2 

1120.93 

96°.5a8 

7.995 

7.51 

7.613 

7.8446 

tionoflheaueajandihein- 
ereaM  of  the  eicew  ia  ntiribi.- 

9.1905 

8.6737 

8.7956 

9.0183 

taUa  to  the  fradual  couliri; 
of  Ihe  aame  *iih  sool  and 
du<L 

488.71 

4S3.3 

487.17 

478.736 

X0.348 

9.6384 

10.1243 

10.1424 

Vhe3dBnd4lh»iaI.,l»lbirilh 
low  the  »vEn.E?ortl«  Wrt. 

1  43fi3 

1  40S4 

2.2977 

1.4363 

The  5th  trial  ia  omitted  in  ikia 

6.S9S 

CloKd. 

u.    e 

6.0333 
Halr-opcn. 

19.164 

Closed. 
U.       8 

6. 4436 

average,  «nd  the  toUwriofi" 

"*"  "jnJSrnol"n3a  w 

Ee^mpirable  iviih  the  te«. 
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Remarks  on  the  preceding  table  of  deductions. 

The  combustion  of  this  coal  evidently  produced  a  pretty  rapid  as  wd 
us  uniform  rate  of  evaporation  ;  and  this  circumstance,  as  well  as  its  com- 
position, entitles  it  to  rank,  if  not  among  the  free-burning  class,  at  leist 
in  near  proximity  to  those  which  have  been  thus  denominated.  It  be- 
longs to  a  place  intermediate  between  those  which  in  France  are  desg- 
natod  as  dry  coals  mth  short  flame,  and  those  called  /at  coals  wUkibit 
flame.'* 

Tiie  average  rate  of  evaporation  per  hour,  (13.421  cubic  feet,)  as  fcuol 
in  the  21st  line  of  the  table,  differs  from  that  of  the  free-burning  ch»bf 
only  three-tenths  of  a  cubic  foot. 

Tiie  fifth  trial  of  this  coal  afforded  an  opportunity  of  studying  the  a* 
lluence  on  the  economy  of  fuel  of  working  at  an  increased  pressaie,* 
had  been  done  in  the  case  of  the  Peach  Mountain  anthracite.    Theeftd 
is  entirely  in  accordance  with  what  was  given  in  that  case;  andtheob* 
sorvations  on  temperature  of  escaping  gases,  in  the  30th  and  39th  liM 
of  the  table,  point  significantly  to  the  cause  of  the  inferiority  of  then- 
suit.     Not  only  was  the  temperature  of  the  escaping  gases  absolakif  1 
higher  at  the  high  than  at  the  low  pressure  experiment,  but,  relatiTelyl)  i 
the  temperature  of  steam  in  the  boiler,  it  gave  a  greater  excess  of  teoDff*  \ 
aturc  over  the  high  steam  than  it  had  over  the  low.    Thus,  on  the  oik  j 
day's  trial,  (the  2Sth  of  October,)  the  steam  was  at  a  mean  teii»penU«,  \ 
during  steady  action,  of  25S''\37,  and  the  escaping  gases  at  37l°.3l:  (tf- 
forence,  112^.94.    At  the  third  trial,  (on  the  25th  of  October,)  thedanptf 
and  air-plate  being  in  the  same  condition  as  on  the  28th,  the  nieantm- 
perature  of  escaping  gases  was  337^\20,  and  that  of  the  steam  WVS] 
and  ilieir  difference  105^.47.  Now,  112.93  —  105.47  =  7o.46  =thccx«s 
of  difference  on  the  day  of  working  high  steam  above  that  of  usii^it* 
the  ordinary  range  adopted  for  the  experiments.     This  small  excesiBQ 
possibly  be  assignable  to  the  coating  of  soot  which  had  accumulattdii 
two  days.     If,  however,  the  whole  of  the  superior  temperature  of  lb 
gases  he  due  to  the  higher  temperature  maintained  in  the  boiler,  its ^ 
in  diminishing  the  evaporative  efi'ect  of  the  unit  weight  of  fuel  cani^ 
ly  be  computed  from  data  actually  obtained  while  burning  this  coal.  Ol 
the  25ih  of  October,  the  analysis  of  gases  entering  the  chimney  jxosA 
that  19.9G5  pounds  of  air  passed  through  the  fire  while  burning  a  pooni 
of  coal  ;.and  that  the  dry  gases,  from  the  combustion  of  a  pound  of  cosli 
were  equivalent,  in  capacity  for  heat,  to  20.477  pounds  of  air,  or  to6.4fi 
I)ounds  of  water.    Hence,  by  heating  those  gases  to  371^.31,  instead  d 
337^.29,  or  34^  hotter  in  one  case  than  in  another,  a  heating  power  isei 
pcnded  on  the  gases,  and  lost  to  the  boiler,  of  5.465  x  34=  185^.81;  ani 
this  divided  by  1030  gives  0.1804,  as  the  evaporative  effect  of  the  lempeni 
ture  imparted  to  the  gases  in  the  one  case  more  than  in  the  other.    If  di 
first  trial  be  compared  with  the  fifth,  the  difference  in  temperature  of  ft 
caping  gases  ia  37F^1  ~  280^  =  9F.3] ;  and  this  multiplied  by  5.4&' 
gives  499  psihe  excess  of  heating  pawer^  or  0.4845  of  evaporative  fm 
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No.  2. 

tminous  coal  from   Crouch  ij*  SneatPs  minesj  Henrico  couhty^   F/r- 

ginicu 

)  letter  or  certificate  accompanied  this  sample  of  coal.     A  memoran- 
011  tlie  bill  of  lading  merely  signified  that  it  was  from  the  above 
i?d  mines,  and  that  their  distance  from  Richmond,  by  James  and  Ken- 
i  river  canal,  is  12  miles. 

exterior  appearance,  this  coal  is  either  columnar  or  foliated.  The 
nate  plies  oi  bright  and  dull  matter  are  generally  very  thin.  The 
{  partings  are  inclined  85^  to  the  siir&ces  of  deposition.  'J  he  cross 
ngs  are  not  well  defined.  On  the  main  partings  are  occasionally  seen 
rescences  of  sulphate  of  iron ;  and  along  the  lines  are  cracks,  maili- 
ng the  effect  of  the  air,  which,  in  less  than  eighteen  months,  has  be- 
to  disintegrate  the  coal  by  the  decomposition  of  its  sulphuret  of 
• 

he  specific  gravity  of  specimen  tf  of  this  coal,  which  I  analyzed,  was 
id  to  be  1.4513,  and  that  of  b  1.8347;  the  latter  being  of  a  very  slaty 
earance.  This  gives  the  mean  weight  of  one  cubic  foot  of  the  solid 
107.69  pounds ;  but  taking  a  alone,  it  would  be  but  90.71,  which  I 
inclined  to  adopt  as  the  weight  of  the  true  coal, 
'he  mean  result  of  thirty-six  trials  in  the  charge-box  is  53.593  pounds 
'Dbic  foot;  the  highest  number  being  56.378,  and  the  lowest  60.5,  of 
*h  the  mean  is  53.437.  Hence,  the  calculated  is  to  the  nierchantablo 
[hi  as  90.71  :  63.593=1 :  0.5908.  The  space  to  receive  one  gross  ton 
.797  cubic  feet. 

he  proportion  of  moisture  obtained  from  analysis  of  specimen  a  was 
^,  and  that  from  b  was  0.955  per  cent.  From  28  pounds  exposed  for 
-  and  a  half  days  in  the  steaming  apparatus,  were  expelled  8  ounces, 
785  per  cent,  of  moisture.  Of  other  volatile  ingredients,  besides  mois- 
a  gave  26.103,  and  b  2*2.895  per  cent 

'.King  obtained  from  one  s[^)ecimen  27.25,  and  from  another  21.5 
:ent  of  volatile  matter,  including  moisture.     Hence,  deducting  for 
two  the  same  proportion  of  moisture  as  found  in  the  other  speci- 
,  we  have  the  volatile  combustible  matter  as  follows : 

Specimen  a  -  -  -  -  26.103 

Specimen  6  -  -  -  .  22.895 

3r.  King's  { Specimen  c  -  -  -  -  26.294 

trials.       ( Specimen  d  -  -  -  -  20.644 

Mean  -  -  -  -  -  23.959 


sulphur,  specimen  b  afforded  0.4271  per  cent, 
ur  incinerations  of  specimen  a  gave  8.72,  and  one  of  b  41.56  per 
of  incombustible  matter  of  a  dirty  white  color,  slightly  tinged  with 
A  trial  on  the  purer  plies  of  b  gave  but  6.22  per  cent. 
ring  the  trials  of  evaporation,  3834.75  pounds  of  coal  burned,  yield- 
ashes  346.406,  and  of  clinker  205.24  pounds.  On  reincineration, 
•imer  lost  7.208  per  cent,  of  their  weight  and  the  latter  0.95  per  cent 
ot  and  dust,  afler  all  the  trials,  there  were  obtained  34.75  pounds,  of 
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which  66.49  per  cent,  was  incombustible  matter.  The  three  reductions 

being  made,  sliow  of  incombustible  matter — 

Prom  the  ashes,  to  be       -  -  -  321.438  pounds. 

From  the  clinker     "...  203.091 
From  the  soot        "...  23.105 


cc 

u 


Total  -  -  647.634 


This  is  14.28  per  cent,  of  the  coal  consumed,  proving  that  the  fint 
specimen  analyzed  was  possessed  of  considerably  less  impurity  thsnthe 


of  skill  or  of  proper  care  in  the  mining. 

The  clinker  of  this  coal  is  much  vitrified ;  the  sur&ce  reddish  browi; 
the  interior,  when  broken,  black ;  masses  of  considerable  magnitude ogcht, 
with  much  shaly  matter,  variously  colored,  light,  and  porous.  The  diiker 
weighed  29.87  i)ounds  per  cubic  foot,  the  a^es  4U.92,  and  the  sool2Sil 
pounds. 
From  specimen  a  the  composition  is  as  follows,  viz : 
Moisture  ------      0.957 

Other  volatile  matter     -  -  -  .  -    26.103 

Earthy  matter   .-.-..      a720 
Fixed  carbon    --...-    64.220 


too. 


The  volatile  is  to  the  fixed  combustible  as  1  :  2.46. 

From  the  results  of  oi)erations  at  the  furnace,  we  have — 
Moisture  -  -  -  -  -  -      l.u? 

Earthy  matter   ------     14.2SD 

Combustible  matter       .  -  -  .  .    83.935 


100. 


If  we  grant  that  the  four  analyses  above  made  give  the  true  propo 
tion  of  gaseous  combustible,  the  average  of  the  fixed  carbon  will  I 
83.935^23.959=59.976;  and  the  volatile  to  the  fixed  combustible  matt 
as  1  :  2.499.    Twenty  grains  of  specimen  b  treated  with  1,200  grains 
oxide  of  lead,  reduced  393.9  grains,  or  19.695  times  its  own  weight 
metallic  lead.  A  repetition  of  the  experiment  gave  19.54  times  its  weig): 

In  the  anchor-shop  this  coal  produced  a  good  hollow  fire,  worked  we 
but  gave  a  rather  large  amount  of  cinder.  The  pieces  of  work  were  n 
of  such  magnitude  as  to  require  a  large  fire ;  hence,  the  full  exhibiuo 
of  its  power  to  sustain  the  hollow  condition  of  the  fire  was  not  probabi 
called  forth. 

In  the  chain-shop  60  pounds  proved  sufficient  to  put  in  9  links  of  Ij 
ipch  chain.  The  binder  was  abundant;  the  flame  much  like  that  of  i 
JUiijilPlhiw  <wL  In  this  shop  there  is  no  necessity  of  producing  a  boUo 
Al%  t|i0.  mdi  of  the  links  being  heated  in  close  proximity  with  tt 

jKin  ratee  giate  the  \|sii\\iotL ti^ xoxKec  tardy,  owing  to  the  finene 
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w  coal ;  but,  when  once  ignited,  the  coke  cohered,  and  a  brisk,  cheer- 
blaze  was  emitted,  exhibiting  rather  less  brilliant  jets  of  flame  than 
e  others  of  the  Virginia  coals. 

^he  time  required  to  bring  the  boiler  to  a  uniform  rate  of  action  was  as 
>ws: 

h.  no. 

Pirat  trial 1  10 

Second  trial  -  -  -  -  -  -116 

Third  trial 1  00 

Fourth  trial  -  -  -  -  -  -   1  13 

16  mean  time  was  1.158  hour. 

he  quantity  of  unburnt  coke  was,  on  an  average,  exactly  six  pounds. 

pulverized  and  recalcined  clinker  is  of  a  dark  reddish-gray  color,  the 

3  lighter,  and  the  residue  of  the  soot  still  lighter  than  that  of  the 

18. 

I  coking,  this  coal  emits  a  red  smoky  flame,  loses  every  trace  of  its 
inal  form,  swells  very  much,  and  leaves  a  mass  jet  black,  shining,  and 
lie.  This  is  the  result  of  a  rapid  application  of  heat  When  put  into 
affle  perfectly  cold,  of  which  the  temperature  was  very  gradually  raised 
[nition,  scarcely  any  cohesion  of  particles  was  produced. 
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Waler  at  nonnal  leTcl  in  boiler. 

Commenced  Bring. 

Wood  cgntumFd  160i  lln.;  steam  at  eqnllibriani ;  com- 
tnrnced  chareinB  v>lh  cual. 

Sieam  blowioi-  off;  wind  8W.,  bfisk;  clear. 

Air  pittles  opened;  opprr  damper  set  ar  6  inches;  a  small 
portion  ofmercmy  in  the  npper  poriion  of  ihermnme- 
ler  in  boilerdincovertd,  and  rejoined  to  ihercM.  Drew 
131  cubic  in.  of  eaatf.  which  gave  1.10  grain  of  water. 

IIUedtankalllA.Oii>.a.  m. 
Drew  132  cubic  inches  of  ganesal  10*.  46iii.,  which  gare 
1.14  grain  of  water  and  5.614  grains  of  carbonic  acid. 

31iy  o«rca-'«;  wind  SW.,  moderate;  coal  falls  rapidly 
through  SMte,  being  very  fir>e. 

Sraobe  90  xecondt  in  reselling  chimney  top  ai  0<k.45«.; 
at  0*.  aOni.  it  wan  30".5;  at  U.  On.  1»".5 ;  iried 
a^in,  itvas30"5;  clooding  up,  wiih  Ihunder;  wind 
8W.,  brisk;  at  3*.  30r>L  p.  m.  smoke  94  aeconda  in 
reaching  chimney  lopi  ryphmO.SS. 

Commencerl  rainltig  al  aX.  90m.  p.  m. 

Teinperaloreofopen  airlU^. 

Ceased  raining;  wind  SW. 

Coal  in  drying  apparattis  weighs  27  lbs.  8(r. 

Filled  tank;  smoke  DOKCondi  in  reaching  chimney  lop; 
Byphon  (l.W. 

61. >» 
W.l 
G3.S 

«2.5 
63.7 

63.3 

G5.3 
S5.7 
61.9 
65.3 

67.2 
66.  & 
6».0 
6G.b 
66.9 

S6.5 

97 

101. 3 
IW 

llli 
[il 

126 

133 
135 
13^ 
143 
154 

163 

I7ti 

178 
1S2 

178 

74 
82 

85 

92 

91) 

96 

90 

88 
95 
6i 

89 
94 
79 
79 
86 

92 

3.196 

0.450 
1.351 

1.635 

3.1UI 

1.361 

0.907 
3.b7i 
1.3T7 
2.809 
1.828 

i.one 

•2.b9t 
1.776 
1.3i5 
2.336 

3.G« 

66.9 
GO. a 

IHS 

133.5 
133 

76 

-34 
-34 

1.841 

Air  plalw.  closed ;  contents  of  ash  niton  grate;  water  led 

a7  inch  abore  normal  level  at  Gk.  n.  m. 
Water  1.15  inch  below  normal  le»el. 
Water  in  boiler  adju-ted. 
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TABLE  CXn.— DEDUCTIONS 
Expermenii  on  Ootd 


Nature  of  the  data  funiiahed  by  the  respcctiTC  tables. 


1 

a 

4 

r» 

G 

7 

H 

9 

10 

11 

12 

13 

14 

15 

k; 

17 
\ii 

19 

2() 
•21 

O.) 

as 


i>5 


2(1 
•J7 


•Is 

30 
31 
32 
:i3 
34 
35 
3G 
37 

:w 

39 
40 

41 

43 
43 

44 

45 
46 

47 


I 


Total  duration  of  the  experiment^  in  hours 
Duration  of  steady  action,  in  hours        ... 
An-a  of  g:rale,  in  Hnuare  feet       -  -  .  - 

Area  of  lieutcd  surface  of  boiler,  in  square  feet  - 
An'a  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  chains  of  coal  supplied  to  js^nite 
Total  weight  of  c<)al  supplied  to  grate,  in  pounds 
Pounds  (»t  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  se{>arated  after  trial 
Mean  weiji^ht,  in  p<iunds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  durinj^;  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
PoundK  of  clinker  alone,  from  100  pounds  of  coal 
Katio  of  clinker  to  the  total  waste,  per  cent. 
'L'outl  pounds  oi  water  supfilied  to  the  boiler 
Mran  tenij>cRiturc  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  8U{)plied  at  the  end  of  ex{)eriment,  to 

restore  level    --.-.- 
Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment,  in  pounds       -  .  -  - 

Pounds  of  water  evaporated  {)er  hour,  during  steady  action 
Cubir  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  \\qt  square  foot  of  heated  surface  per 

hour,  by  one  calculation         -  .  -  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

obitervations    --.--- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

finid  result      .----. 
Water  eva|>o rated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action   .  .  .  .  • 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  o(  air  entering  below  ashpit,  during 

steady  pressure  .  -  .  -  - 

M(  an  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Meiui  temperature  of  gases,  when  arriving  at  Uie  chimney 
M«':in  lenii>crature  of  steam  in  the  boiler 
Mtan  trnipcrature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mtan  numl)er  of  volumes  of  air  in  manometer  •> 
Mean  heiglit  of  mereury  in  manometer,  in  atmospheres 
Mean  heii^ht  of  water  in  syphon  draught-gau^,  in  inches 
Mean  temperature  of  dew  |X)int,  by  calculauon  - 
Alean  gain  of  tem[>erature  by  the  air,  before  reaching  grate 
Mean  difference  Ijetwecn  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern  and  boiler   - 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern  and  boiler  ... 

Poimds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  fuel  ...... 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condiuon  of  the  au^plates,  at  the  fluniace  bridge 
Inches  opening  of  damper,  (U.  upper,  L.  lower) 


Ist  Trial. 
(TMi  CVllL) 


\ 


94.081 
7.75 
10.82 
377.5 
14.4189 
10.0 
1090.5 
1086.35 
4.15 
54.525 
98.419 
9.091 
13.838 
5.3101 
37.675 
8049.0 
640.3 

4.0 

0.0 

700.645 

11.31 

1.856 

1.804 

7.409 

7.119 
8.4357 

620.08 
510.55 
1810.9 
299°. 42 
227°. 47 
60°  .0 
39.809 
8.291 
0.229 
0.4053 
39°. 9 
119°. 82 
76°. 61 

7.4276 

8.4949 
463.19 

9.8581 
1.4073 
6.0158 
Open. 

u:     12 


ad  Trial 
(Tflkfe  CDL) 


I. 

S3. 417 

6.0 
13.9 
377.5 
17.4S 
9.0 
967.75 
963.37 
4.3B 
53.7M 
107.875 
8.0tf 
14.U7 
5.5379 


7894.0 
63^.1 

S56.0 

35.0' 

768.33 

1S.SI 

103S 

1.975 

7.53S 

7.131 

600.33 

49».i5 

900O.61 

sns'.od 

2a6'.77 
58».0 
30.039 
6.387 
0.2S 
0.3S33 
36».40 
140O.3J? 
830.44 

7.509 

85953 
454.48 

10.0083 
1.4163 
6.1476 

RemovtMi. 

U.  6 


1 


/ 
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ROM  TABLES  CVIII,  CIX,  CX,  CXI. 
tj  Sneivft  coal. 


3d  Tral. 

4ih  Trial. 

Avtriigcs. 

Rfmvh*. 

I  TM:  ex.) 

{TMe  CXI.) 

J<nc9. 

JmuS. 

33.5X1 

37.0 

S.41T 

d.50 

tG.:{.> 

11!  -J  J 

3«.U 

377  5 

On  ■!«  M  lrii<l,  ihcrnniliiPWof  romn.winn  p,^ 

ai.iiS 

31.6:; 

c(l  i<.Io  ihc  rliimney  Ihroiish  ihc  loii'rr  dunii- 

tf.l) 

9JI 

H«.0   ■ 

!(.>4.5 

circiul  roLiiid  tlie  Uullcr  by  way  uf  tlio  •".- 

K«.4tl 

Siil.W 

tenia]  Iluv. 

11.611 

3.PT 

O.O 

sa  ^r5 

.M.o-n 

,'i:i.54'< 

•J7.Fi4 

s7.j: 

97.Llia 

C.llll-! 

.V.l-J 

7  i:« 

«;i»  iiKisI  rjpM,  n  Lri«k  noriLwial  wiini  pr.- 

i:i.[i:iii 

]4  .Xl 

14.:i4U5 

vnikU. 

4.47.M 

ii.«;i.i 

5.3711 

•J.l.iij5 

4:)  :m 

aT.ivj 

S73:t,H 

Tt-ja.u 

62^.9 

«7i.O 

33i.O 

552.(1 

Xi.O 

T.'i.O 

:3!1.54 

fiiiii.in 

7^4, 4W 

11. 7J 

11.376 

ii.wa 

9.Tr.-J 

1.8423 

Q.07I3 

3.5377 

1.941 

C.Klfi 

7,4n 

7,?Jd 

7.4fT 
5.I4JT 

7.333 
C.431I 

7.«t 
W  .^7(i 

6.V,-J3 

7d\^7 

.W.7 

e'Sa.SW 

la.V.-'H 

•2-M>.S!i 

l!»H-,Qi 

.iia^.ii? 

SlilMJ 

3IHi\e73 

The  liul  iiijitf u.il  lemiH-raluK,  i.u  liio  :;.!  r.ii 

a^7^a3 

aaj'.l.-? 

i*  iJn'  mn  :<RMmii'<1  fir  Ihnl  of  Hii'uilv  a.';..ii. 

Sl'-.U 

7>.ll 

(!ii-.i:!i  ii  is  lint  c!,.iil.c..l  (Imt  tlffi tfmi'*i-.ii':.i  , 

3a.:!4'j 

•JJ.ritfl 

<[»i-M^  *.niir  (wr:»  'if  llic  il.iv,  niv    ^  .  'i. . 

tl.931 

l^.4i.-. 

Ili»ii  lilt  [iiiim  i.f  .'.K'  ■.    A»  "ih.-  K'- ■^  ■  "l 

u.-j:i4 

0.39i 

O-SIW 

o.acisa 

n.;iM.'. 

elTf »dy  j*fv^ Denrir  fiO r«i  in  ri'iM.iri  v. iin 
th.:  Ulir  i»ld  flue*,  kluul  imv.-rwd  .i  |..,.-.  r 

4P.S2 

n4\7i 

r.m™  lhnn>  olkn  ({ivH.  lo  ilie  lli.r.  ,.,.  l...Htil 

t3d=>.31 

14-J  .3:J 

m  .71 

3m  ■.77? 

t7''.0li 

el'.;d 

llicir  cliimwyH  rsd  hw,  or  hIhuie  I  llll)- 

C.81^I 

7.4375 

7.  MS 

7.90 tl 

B.4«45 

8.3448 

413, SO 

449.01 

445.03 

9.I8SS 

9.909G 

9.7403 

c2»;a;x'i,=i'ss';r,r.; 

1.43X1 
E.40d7 

I.413U 
6  0*74 

I. 4174 

Remoted. 

r-c 

danptr  inprn,  Md  ibc  wcau  of  the  pniilacii 

U      6 

KCD  in  line  30^)  iuileid  of  nbout  3(IT ,  ih<- 

mcnn  tempe«tilrt  ai  which  it  escapeil  in  Ih- 

22 

r — " 
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TABLE  CXra.— MIDLOTl 

Firti  trial — ujipir  damper  8  incAti  open;  air  plattt 


i            1 

il 

i. 

"S 

1 

TEllI. 

EH.Tl-HE.-  UP  THE 

^ 

£ 

E 

^ 

.3 

a 

pjlp. 

H..«r.'   il 

= 
1 

jH 

1 

i 

1 

1 

il 

n 

.1      j 

=  1 

IT 

iw 
O 

si  2^s 

.2 
1 

1^ 

■3 

1 

1 

■s 

1 

=1 
r 

.'  :-S     j6 

i    i    i 

\ 

It;  laar 

5 

2 

■5 

m 

^ 

s  ! 

.:     V 

... 

57 

-i9.75 

0.35a 

G.«l 

0.15 

- , 

-  :-■     :•: 

il 

i-r  oji-W  -jisas 

2ft. 77 

0.400 

6..-U 

0.3) 

.  1 

r    ;l        hi 

M 

li:   -JHliL'.  iSH  J5.5 

afl.TB 

0.540 

5.17 

O.iS 

- 1 

•  i-:       5J 

50 

I-:5  -217^!  iWSS 

29.80 

0.5W 

4.R8 

0.27 

-  I:       M 

G 

lis  -JJi^.a    23«|5l 

33.83 

0^37 

5.20 

0.30 
0.45 

CO 

-'«  "ii" 

"i»'Js:'ti3's33[54" 

i!!).88 

D.'ua 

'4.!)i' 

39H 

O.M-ftS.lO 

O.MSI  5.IW 

o.m' 

'iiteu'j 

'  is      .vi 

>( 

i;^  311  rS   233  SB 

iW.BS 

n.38 

15^! 

•  :■     3? 

X'i 

l-ii  311  la   aM57 

at.  84 

o.ssr  5.0U 

0.3f, 

vm\ 

..-         Tl 

5,= 

■i.i  i«iS(E*    fi33S9 

a).S4i  ii,&5i;  5. us 

0.35 

■im  \ 

■;!■    ■i\,f'2   dSStiO 

-J!*.-^.  0.517:  3.11) 

0.33 

^3fi, 

^- 

■:-:-.  siiiim  -j:i3>ii 

ai.M  fl.0t7  6.10 

(1.32 

3S»I 

-   t           t~ 

^'• 

-:io  3-iJw  aMiB 

asi.tao.Bw  5.14 

0.3t; 

■HOT, 

.i> 

:.^ 

e.v:  3l^'.a  23:Aa 

a!t.R-<,  O.KT  5.1)4 

0.3S 

I'-ar! 

■     ^         ^ 

--.' 

#1   Sl-J.:-'  2i:!l«3 

an.M  0.M7  5.10 

0.37 

5SII7 ' 

■J^;  >jt  ris'  ■j.ta'ta 

iS.Si  ri.SMll  fl.Irt 

0.33 

51-77I 

i-^'  aai.il  2CT|M 

at.Ki  (i,:>4ii,  S.17 

o.St; 

tilM' 

:■■> 

->t-   ;'l.-vH    :.'XNi4.S 

ai.«I   0.513' 5.14 

o.w 

WW! 

■:«'.'  aiiirii'  3:oe4 

■Jfl.hS  ii.SW   5.03 

0.40 

rsn' 

"i 

j? 

■J^t  3ti;*M.  333l(iii 

is.'.s  o,:w['  5.0T  j  n.4i» 

TifWl 

":-'i 

■?i^'Vi:VmI'.J3-V«5' 

'■iVvi'iTrHS'slii'liVscV 

Viji' 

r-s 

Ml  3(tii'i;i  v>3i'nj 

■?l.<:i  0.5-35  5,3J  1  0.31 

M7J 

r-ii 

»V  ■»i(,l,  2d!l'ri5 

■J.Ke'i  0.512  5.45  ^  0.3U 

9U|l 

■  ;■•      :v 

>c 

•:i."  -Jnsr.il  sa^i'fin 

2;i.!liV  O.Ste  5.54  {  0.34 

Siinj 

.'   >       M 

.V 

IS*   1^3lK^I  !!IS|S5 

«.«'  n.sw'  «.69  i  o.-» 
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itmt  MnMTO  out  tdhoth  vaiva,  arui  null  fitntaee  i 
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6.11 
S.43 


8.13 
3.Io 


J  a*- 
Is  — 


^1 


REMA.RC3.— Ornie  larface  11.01  square  fert^  len^b  nf 
crrcnil  uriieiwd  eases  I'Jl  tm;  heighi  uf  chiniDcy  til 


Wner  brought  In  (1.2  inch  !>e1ow  Dormal  level;  lieliied 

(ire  a1  4A  -i^m.  i.  m. 
Tilvea  duahle   weighied;  «niall  Tarnace  lishteil  at  U, 

i-lm.;  water  at  nunnal  level  at  31-2°. 
Wood  coo^iuined,  list  llx,;  commenced  charein"  with 

coal;  trinri  NW.,b'-UI<;  clvar. 
Steam  alltiired  lo  escape  from  rroni  ralve  by  removing 

secund  wtight;  waiet  OJiS  Inch  above nurtnal  levtl. 
Air  plaiCH  upeoedat  "ik.  lOm. 


Wind  W.,  brislti  clear. 


Pilled  lank;  removed  fro'ti  grate  a  quantity  of  clinker 
larf-e  iheeis,  which  had  macb  impeded  combaMiui 
grate  bars  cbeirf-red. 


A trplam  cloved,  and  ronienlsafohh  pit  ihruivn  oi 

Clear  day;  wind  NW.,  brisk. 

Damper  set  at  3  inchej^  water  0.9  iiich  above 

level. 
Water  kn  at  0.19  inch  above  normal  level. 

Water  in  builer  adjnwed  for  temperature. 


graie. 


Clinker. ffi.OO 


mir 


TABLE  OXIV—l 
Secortd  triai—vpftr 


2 

daaiptr  8  ukIm  yw;  ar 


TEHPUtlTBU  or  TUB 

i 

s- 

1 

■i 

Dilf. 

Hour 

s 

1 

^ 

1 

c 

1 

1 

^1 

is 

1 

s' 

1 

i 

It 
J 

fl 

1^ 

1 

a 

i^ 

"B 

^ 

i 

a 

•; 

l^ 

2 

E 

i- 

3 

o 

^ 

s 

1 

i_ 

1 

> 

^ 

ft 

00.    11 

ti.n 

31 

u 

IW) 

^ 

31& 

65 

39. •» 

0.3H«1 

6,« 

o.« 

:.2S 

5-2.1 

su 

iti: 

34li 

'i31 

34.a 

30.93 

0.5fl5 

4.93 

0.S8 

- 

HJI 

7.50 

33 

al 

.au 

ili 

m 

^3 

ifl.SI 

0.5M 

4.TS 

o.» 

_ 

1W.3 

8.30 

56 

!>3 

iw 

817 

■m 

35 

31).  •)4 

o.sni 

4,99 

0.« 

^ 

iiii.a 

"s'.Hi 

lio" 

m' 

"iTK 

■ffia 

S'j 

'm" 

lie" 

'ia'y4 

O^Mn 

jiw 

■6!« 

■'i« 

S.U 

lU 

S6 

t93 

334 

53 

m 

m 

39.9. 

0.6iB 

B.iO 

0.36 

1164 

m'M 

10.00 

SJ 

51 

3ia 

33t 
3tS 

^ 

■m 

m. 

tio.at. 

a.Kt 

6.00 

O.SS 

Ifc« 

10.  ia 

SI 

67 

a.13 

® 

233 

Bl 

is.as 

II.56U 

3,86 

".36 

floii 

11.15 

l>7 

ao 

24K 
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iti 

S33 

6J 

■J».!I4 

0.541 

5.16 

O.Si 

«ei6 

m.it 

11.15 

KB 

W 

'J51 

345 

iU 

!J34 

lil 

as  .94 

e.SM 

5.07 

0.3S 

3117 

0.1  a 

71 

Ri 

tifS) 

363 

SO 

^ai 

S5 

2U.U1 

O.MA 

3.10 

0.35 

3SC7 

9»JI 

0.43 

-\ 

v.-i 

*i.^ 

351 

334 

ta 

3y.M 

O.MI 

3.1« 

0.31 

3«77 

i.ia 

TB 

•14 

■2i: 

331 

hi 

433 

fi7 

m.m 

".MM 

6.10 

It,  33 

4H7 

M> 

\.ib 

n 

w 

'2»1 

asj 

lil 

333 

li9 

a.aa 

0.&37 

3.30 

e.3i 

49^- 

m,9 

2.30 

79 

GO 

«I6 

■ja» 

fW 

■233 

70 

39-93 

0.&45 

6,13 

0.S3 

M:;i 

%.t 

:i.l5 

77 

l£ 

3oi; 

3iH;S5 

'233 

71 

■29.93 

0.646 

6  U 

0.34 

6377 

3.4S 

78 

()5 

sin 

3.14 

i».9.1 

0.6011 

5.07 

O.Sl 

6566 

m'M 

4^1 

» 

til 

3lft 

■234 

71 

29  9:! 

0.653 

6.M 

0,U 

7163 

IUl.< 

4.45 

7fi 

64 

^ii 

...J.. 

S34 

71 

39.93 

0.&II1 

M!, 

o'ia 

0.30 

Tin 
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-  1 
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7&" 
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'isv 

g* 

'm 
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'wiw 

"a'.b^ 

6.34 

6.II& 

47 

&s 

3)to 

^i 

,i} 

SB.9i! 

U.S33 

5.31 

0.4S  1  8970 

8.5U 

% 

60 

31U 

T 

'ZJO 

GO 

89.91 

0,500 

5.S6 

11.35  1  m^i 

1 

■  1 

Oct.  13 

&',()& 

W 

sa 

240 

ikU 

334 

(W 

fiflfcr 

l».((* 

5,t<6 

fl.ai  1  M37 

, 

6.30 

55 

gj 

W. 

'T 

«33.6 

»„ 

lU.tX 

11.453 

a.M 

0.«0    )«3T 

_J 
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REMARK3.— GraTe  snihet  14.07  sqaare  fen;  lensth  ot 

l 

k 
& 

ss 

•sis 

1^- 

III 

a 

if. 
Ill 

circuit  ol  heaiedsisu  131  fee:;  heigbi  of  chiaiiiey  o:i 

«.« 

138 

-33 

MorniD" deir;  wind  E, light;  eflmmcneed  Grine;  water 

+15 

- 

W.«d  consiiin*.!,  lOU  lb*.;  ommrnred  charRinft  wi:h 

SecoDtl  H-Fu[hi  removed  frum  front  viire;  steim  blivs •'£. 

4,.« 

SiMm  allowed  to  cicipe  from  tneh  vake. 

; 

M.3 

lis 

103 

i.f^a 

sm 

m 

103 

i.iiC 

1 

ISI 

i.ir. 

Win<ISW.,li|:Kii  cleir. 

i.itwi 

Filled  lank  ai  101.  bVin.  i.  m. 

&3.fl 

irti 

lOH 

3DI!i 

&I.3 

1H6 

Itt 

3.(i5H 

1 

M.a 

1.3'>4 

Slt.« 

3.702 

57,7 

■joa 

3.549 

' 

•JOT 

103 

3.(MW 

Clinker  removed,  being  henry  and  dark  cilotnl,  anl 
spreading  "rer  ihc  graie,  (c>  which  it  adheres  xliali'H'. 

5H.5 

) 

M.I 

■234 

m 

i.s-ai 

Grate  birs  chenj-red;  much  loioke  from  chimney  lo-tlii  y. 

ST  a 

flU 

3.5W 
3.131 

Conientsofnh  pit  thrown  on  gt.ir;  damperMi  at  4  inches- 

M  n 

£» 

Water  len  at  0.7  inch  above  nnrmil  level. 

0.4n 

Water  now  lUb  inch  akivv  nurmal  level. 

O.IS"' 

port. 

M.l 

ns 

-i7.5 

- 

Water  in  boiler  idju-ted. 

RES1DU.\. 

kfr ftT.TS 

* 45.7ft 

:>  behind  bridge i.-JA 

\vhtr  and  clinker lli).7.'i 

let  wood  a>he» ii.:ij 

1  waste  frum  coil lit!  !'! 
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TABUt  CXV^MIDLOnUAK 

Third  trill — upptr  lian^er  H  incha  oftn;  airptaUt  cyai; 


6.15  0.19 
:<M  0.3J 
5.14  1  0.31 
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0.3-t  1 
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7J 
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TJ 
7J 
71 

0.51 
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O.M. 
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5.15 
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5.14 

0.13 
0.41) 
0.4J 
0.13 
(1.15 

ItlX 
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:i 
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5.1-.! 

0.10 
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5.M 
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;j 
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iii.=a  2T»i. 

«a!er  ro  1  ul 

Cnl 
Jil,  f. 
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ElEMARKa.-Oraie*araiep  14.07 >^nara  i*eit  kogtbot 
circoii  uf  beitted  guM  Kl  Icdi  height  uf  tbluBoy  63 
feeL 

T 

169 

.^-M 

- 

CL.BniiMC«i  Grlegi  ww«0.l  fodh  aboTa  Dutmal  level; 
wiurfW.)  reryliiclUihaiT. 

il 

IM 

+«> 

cwt. 
.BieMacsoapaiMTi.lOfL^  MbjutduantifM. 

.8 
.9 

HI 

m 

7S 

U.SiS 

Urtl. 

.7 

143 

M 

O.MJ 

Tackfillad;  wMer u  Mroial  lanl. 

.0 
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113 

3. 16b 

Sindi«  17 -reuad.  in  lOKki^  cbioHNT  tt^i  »7?lttm  0.«l 

is' 

"m 

iis" 

a^STo 

Commenced  drawioe  k«^  >'  9A.  4^AJ<<«*  ■»  51  mla- 
WW  IIK)  cable  iMbr*,  wbiob  t^^mitr  OW  grain. 

.0 

191 

133 

i.mii 

cubuDic  icld  aSii  EoiCituj^B^Hl  f  dMc  incbr^ ; 

.9 

»I5 

IM 

2.400 

.1 

«H> 

13B 
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71°;  cUmJ  air  pori beio*  aab  pii  at  Mk  Sn. 

.3 

ti4 

\ii 

i.STa 

FilkdiaDkaitlA.48ta. 

.8 

S» 

r^ 
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.6 

iSD 

IS-i 

barlD^  bMQ  cliucdj  U  Ui.  17».  p.  Bk;  draw  I&37  laiO' 
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.6 

«I4 

IMi 

1. 773 

cubooie  add  &.T5  graiw,  uxjgcn  ll.l&l cubic  ionken 

<.1 

lie 

i« 

t.M 

t>uViDg  ib«  drawlDgor  gv^a  M  b»Ui  llceaalMl^  th»  lire 
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t.O 
t.O 

Ml 
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s.sst 

3.4fJt 

«M  in  bmmI  actiaii,  «lkh  a  gaod  bed  of  aoal  on  pate. 

Ii7 

Ul 

160 

l.Utv 

Aniarently  let*  amoke  bom  chimHV  to-day  than  yesler- 

d»j. 
ConieDls of  aih  pll  ihrawB  on  fialaatdi-SDak:  danqicr 

k1 

103 

:*o 

1.711 
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i.*8' 

Hh" 

■-i.Mi 

A»h  pKdooraoloied;  mtpunopcMd. 

[.0 

"aes 

M 

Waiar  0.6  it^b  abo««  DoroMl  kf«l. 

i.d 

"BW 

- 

Cliacd  daiBiMr  aod  airpatli  wutf  au  iwh  abort  nof 

1.4 

IS 

Waier  found  0.1  l&cb  below  norinal  loveL 

L6 
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Water  ioboilMadjuiWd. 

46.W 

4.8S 
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o.m 
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TABLE  CXTI,P-DEDUCTIONS 
ExperiMeniiimJIBA 


Nature  of  the  data  furnislied  by  the  re8])ectivc  tablea. 


I 

5 

4 


8 

9 
10 
11 
V2 
VA 
U 

i:> 

17 

1!1 

•JO 
'J  I 


•j:? 


•j-i 


^*> 

:ui 
::i 
:<•-' 

:ii 

:«.• 

:»7 
:«'' 

40 
41 

4:i 

41 

4A 

411 

"I 


Total  dumiion  of  the  experiment,  in  houni 
Diiniiion  of  Bttudy  actiun,  in  boura        ... 
Ana  of  CTHip,  in  sauarc  feet        -  -  -  - 

Ar«;i  ot'  htated  Hurface  of  boiler,  in  8(|uarc  feet  - 
Area  of  Uiiler  expt^sed  to  direct  mdiation,  in  square  feet 
NuniUT  of  charg^c-s  of  coal  supplied  to  grate 
Tnul  wtiicht  of  coal  «iupplied  to  ^rate^in  pounds 
Pounds  of  coal  actually  consumed  ... 

Piuinds  of  coal  withdrawn  and  sepamted  after  trial 
Mi'nn  wei£;ht,  in  i>ounds,  of  one  cubic  ftmt  of  coal 
IViuuls  of  cuai  supplied  {M-r  hour,  during  steady  action  - 
Pitundtt  of  coal  per  square  footof  gralc  surface,  per  hour 
Ti>!al  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  rlinkcr  to  the  total  waste,  per  cent. 
Total  ]><*und8  of  water  supplied  to  tlie  boiler 
Mean  itMii{^rature  of  water,  in  degrees  Fahrenheit 
PiMinds  of  water  supplied  at  the  end  of  ex|M:riment,  to 

rpston?  leval    ------ 

Induction  Itar'liniperature  of  water  supplied  at  the  end 

of  i'\{>ertnibt,  in  pounds        -  -  -  - 

Pou!uiii  t»f  water  evaporated  jht  hour,  durin":  steady  action 
('u!»i«'  ffvl  of  water  p«'r  hi»ur,  during  steady  action 
Pi'ur.iis  .'f  w.iter  ptr  sijuare  fool  of  heated  surface  per 

li-ur.  by  one  lalouialiMU         -  -  -  - 

l\niiiil<  of  wattT  |KT  s(|uare  foot,  by  a  mean  of  several 

o'  stTvations   ------ 

Wrt'i  r  rva|»i>raied  by  1  of  coiil,  from  iniiiiil  temp,  (a) 

l*.!»a!  n-.NU It       .-.--- 
W.tii-r  evaporated  by  1  of  cool,  from  initial  temp,  (b) 

ilurin:!  steady  anion    -  -  -  -  - 

l\".i!iJii  of  tui'l  ev«i>oratine  one  cubic  fool  of  water 
M'  .in  teni|HT.nture  of  air  entering  below  luhpit,  during 

stt-ailv  pa-ssure  -  -  - 

Ml  .\n  tfinp.  of  wet  bulbthermom.,  daring  steady  pressure 
Ml  .i!»  trinmrature  of  air,  on  arriving  nl  the  grate 
MiMii  t.  mjvr.imre  of  leases,  when  arriving  at  the  chimney 
Mi.iii  tiuMH raiure  of  steam  in  the  boiler 
MiMii  t«'nii»t  ralure  of  aiinched  thermometer 
Mr.ui  liii::ht  of  Uiroiiieter,  in  inches      -  -  -  | 

Mian  numln'r  of  volunirs  of  air  in  manometer  -  -  [ 

Ml  .III  hii^lit  of  mercury  in  manometer,  in  atmospheres 
M.  .Ill  he!;;ht  of  waif  r  iti  syphon  draught-gaug:e,  in  inches 
Mian  innprraturv  of  dew  point,  by  calculation 
.Ml  an  iiain  of  iriH}H'rature  by  the  air, before  renchinggmte 
Mean  ibdVrtMice  lietweeii  steam  and  escaping  gases 
Wniii-  til  I  of  itml.  corrected  for  temperature  of  water 

in  ciNtcni         .-..-- 
Wrtiir  to  1  %^f  ctMil,  from  *JrJO,  o^rrected  for  temperature 

ol  water  in  rislem      .  -  -  -  - 

Pounds  i*f  ^ntrr.  frtnn  212°,  to  1  cubic  foot  of  coal 
Wntir,  iVoni  •2VJ^\  to  1  (Huuid  of  combustible  matter  of 
ihrtiiej        ..---. 
Mvnii  prv«Nurt«,  in  aUuosphercs,  ul>ove  a  vacuum 
hlwui  \*\tmn\uv,  ill  iMiunda  per  sf].  inch,  ulwve  atmosphere 
I  *iiiiaiuuii  iif  ihv  air-idniea,  at  (he  furnace  bridge 
|«nhNiii«wMunt»f  dMftT«AU-*l?P«0   -  -  - 


1st  Trial. 
(TMe  CXIII.) 


SdTrisL   I 
(Table  CX/r.)l 


OeCoberlO. 

26.55 
7.267 
14.07 
377.5 
18.75 
12.0 
1187.25 
1181.39 
5.86 
49.469 
122. 798 
8.728 
10.33 
6.5747 
63.663 
9184.0 
63O.0 

28.0 

4.0 
995.458 
15.927 

2.637 

2.673 

7.768 

8.106 
8.0459 

650.07 
56°.  87 
230°.  2 
319O.0 
2330.13 
600.57 
29.839 
5.078 
0.5491 
0.3731 
500.31 
1650. 13 

^40.5 

7.768 

8.8917 
439.^6 

9.9161 

1.423 

6.2469 

Oi>cn. 

IT.      8 


OdokrlL 

2S.91i 
6.M 
14.97 
377.5 
18.75 

u.e 

1190.73 

1113.43 

7.33 

50.90 

ii5.se 

8.8N 
]0.4S( 

57.]tt ; 

8537.0    I 

fiSP.O    I 

I 

100.0    I 

14.0 

86B.7« 

i3.a» 

9.301  ' 

I 


7.652 
7.496 

7|O.0 

61C.4 
264C.06 
3470.13 
S33P.13 

68^.47 

S9.937 

5.11 
0.5463 

0.336» 
55P.35 
1930.06 
113C.M 

7.6B 

8.739 
446  31 

9.7S17 
1.4336 
6.^7 

Closed. 

U.     i 
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OM  TABLES  CXIII,  CXIV,  CXV. 
u  (9W>  feet  thafi)  coal. 


id  Trial. 

Averages. 

RemarkB. 

Me  CXV.) 

;fB^12. 

The  combustion  was  conducted,  on  the  3d  day*8  trial,  with  the 

23.833 

ashpit  doors  open.    By  the  40th,  41at,  and  43d  lines,  below, 

6.45 

this  urnuiffement  is  seen  to  have  given  a  result  decidedly  in- 
ferior to  those  obtained  at  the  two  previous  experiments. 

14.07 

377.5 

18.75 

11.0 

r 

1197.25 

1122.  (»8 

4.57 

5.917 

51.236 

50.55 

197.628 

122.105 

9.071 

8.67H3 

11.32 

10.702 

6.846» 

6.4664 

60.512 

60.447 

tf 

7956.0 

63O.0 

65.0 

9.0 

•ifcr  • 

657.116 

907.107 

13.714 

14.513 

2.27 

2.403 

2.243 

7.078 

7.4993 

6.715 

7.439 

8.8302 

8.3479 

73P.21 

640.57 

~. 

247°.  13 

ngo.i 

3460. 61 

2330.5 

69^.86 

29.916 

5. 158 

0.5411 

0.3886 

0.3667 

»o.96 

- 

179O095 

14fiP.57 

114°. 903 

The  incre;isiiig  differences  of  temperature  in  this  line  may  doubt- 
less be  referred  chiefly  to  the  g;radual  accumulation  of  soot. 

7.078 

7.4993 

8.1019 

8.5842 

415.13 

433.733 

9.1361 

9.6113 

The  inferiority  of  the  3d  to  the  1st  result  may  probably  be  ac- 

1.4171 

1.4213 

counted  f(ir,  in  part,  by  the  heavy  coating  of  soot  accumula- 
ted on  the  absorbing  surfaces  of  the  boiler,  and  the  conse* 

6.1593 

6.222 

n 

(luent  higher  tempeiature  at  which  the  gaaea  anriol  «X  ^!ba 
cnimney,  and  in  part  by  the  aah  padQoim>MAii%>fiR^Q^mi. 

m 


"rri'f'^MfMIHImi.t 

By  admilting  (he  air  wtiicb  supplied  the  coiabuction  u>  comej 
to  the  grate,  at  an  average  temperature  of  73^.2,  on  the  tliiril  trial" 
of  going  roiind  the  ftirnace,  gathering  the  waste  hio'  from  the  stM 
arriving  at  the  grate  ta  the  rear  of  the  ctosed  asb-piu  with  a  leing 
of  230°.2,  as  ill  the  first  experiment,  the  following  tabcls  oppeitfj 
resiitled:  Fir»t,  The  rate  of  caiiihu»tion  was  increased  from  lai.8t( 
pounds  per  hour.  Surand,  The  rate  oi  evaywatit>R  was  dinuDi^M 
IS.UiJ  10  13.71  cubic  Jbet  of  water  per  hour.  'i%ir<f,  The  gases  nl 
tfw  ehtmney.  after  a  cireiiil  oi  lat  feel  in  horliM)nlal  flues,  atafl 
lure  of  :JT9-,  instead  of  319"^  as  on  the  first  day  of  trial.  jFVirfjj 
evapontive  effect  of  the  coat,  as  seen  in  l)ie  4l5t  line,  was  reduA 
9.892  to  S.IU'^;  and  that  of  the  comhusiible  matler  alone,  as  fi)ud| 
43d  lino,  fi«m  9916  to  9.l3t>.  2 

The  cnmpArisfiTt  K  made  between  lhe^.vf  and  third  trials,  irn 
the  mtan  of  tkr first  andartmnfi,  and  the  third ;  becaniie  the  first  ^ 
were  bolli  conducted  with  the  air  plate  at  thu  furnace  bridge  optiA 
as  the  second  experiment  was  made  with  that  plate  doted.  1 

Admilting  that  the  air  which  pnsjed  llirnugh  the  furnace  onlj 
and  third  days  of  trial  was  equally  well  employed,  and  eqtiallfl 
gstiBIed,  a  computation  founded  on  the  analyses  of  ilic  gases  on  nj 
trial,  (table JBjL)  may  readily  be  made,  wliicli  will  show  whal^ 
in  biirninq^^^bd  air  instead  of  hot.    Those  analyses  proved  tin 
nvcrsgc,  tn^Hpit  of  air  equivalent  in  specific  heat  lo  the  drygm 
ing  to  the  (^Hnfly  during  the  combustion  of  a  pound  of  coal,  v(i 
pounds.     Tha  waste  matter  from  the  furnace  on  thai  day  was ! 
cent.     Hence  the  weight  of  air  eqnivaieijt  to  the  gases  fromaj 
combiisdblti  mailer  is  8U.81  pounds ;  and  as  the  specific  heat  nf  air 
llini  of  wMer,  l)i«  equivalent  weJglit  of  tlie  lultc^r  materia!  is  5.553 
'Ifio  hoBi  imparted  to  the  air  and  products  of  combu.ttion  ool 
trial  was  379*  —  7J^.3  =  305°.6,  which,  mulliplied  by  o.JaS.giw 
as  the  liiQlhi:^  fiOM}rr,ot  l.tJ49  as  the  tviiptiniiice  jiower  of  ihisqUf 
heat. 

On  the  first  day's  trial,  the  air  entered  (ho  grace  at  230°,  and 
left  the  boitac  at  3iy-,  cariyi^g  away  an  excess  of  ^9"^.  Ttic  " 
that  day  was  10.33  per  rent.,  as  seen  in  line  13  of  the  table, 
equiralent  in  air  lo  the  gaseous  products  from  a  pound  otcomhm 
tvr,  islS.462j-0.89ti7  =  30.6S;  of  which  the  heat  absorbing  pov 
similar  trompulniion  4^9,  mid  the  evaporative  power  equivaloni 
0.475.  The dilferencB  l.t)49—0.4S9  =1.160,  added  W  the  nam 
found  ill  the  43d  line  of  the  lablo  of  deductions,  gives  10.256 ;  shp'fl 
Iho  inferiority  of  the  third  to  the  first  resuit  ^9.916)  is  rslb«  tool 
fimnponsated  forbjlhccuuscnowundet'consideraiion.  Sudl,iiifc^ 
lo  be  the  case ;  since  the  lire-doors  were  not  kept  open  on  ifae  tin 
autto  lo  the  end  of  the  experiment,  being  closed  at  4A,  30m,  p-tt- 

>■      Iso  closed  fill  43  minutes  during  one  of  the  experiueouiDH 
n  tha  Qbinuiey. 
*■  k  iiimlAna  shows  that  the  averagelieighl  of tk«l 

first  trial,  and  0.389  on  Uie  ihi  ' 


fTm..~  .•^pQiioriiy  in  temperature  of  ti 
«j|lha  first, ftr8T^^Sl9°>=60°^ 


*'*■•  -':■■'" '-^^o.!.'--    ■■   ."-•"■•'•    ■■ 

eoffZ  tBni'for  trial  by  (h9  Oreek  OM  Omptmyf  UheaierJiM 

■fi^ftUowing  leitor  aecoinpuied  this  aamiito: 

f.  ;  «<  fb^maim^  Am  87, 1842. 

',^ia:  In  compliance  with  the  invitation  of  the  flDcuetiy  of  Che  Navy, 
9n^  tent  by  the  sehooner  Pioneer  tfhtidkebntiiaiM  4  ions  Greek 
^  i)r  experiment  at  yonr  yard,  Withe  Tiew  lo  tiM  ¥m  mDeae  for  gen- 

Meam  on  board  the  Goveniinent  eteaoiera. 

th^re  are  other  coals  on  boari  the  veanelyyomrinioblige  ooe  by 

ig  ft  16  be  Icept  eeperatd. 
liFhie  epal  is  raim  by  the  Creek  Gomniny,-iQ  Ctiesterfield  coanty^on 
jpdth  side  of  James  river,  12  miles-  tesBr  lMe<wttl0r,wilb  which  the 
n  "•ard  «ohneeted  by  a  raiboad.    The  nines  ma^  be  eensideffed  ac- 
KMe  at  all  seasons  of  the  yeary  as  it  is  a  rare  occurrence  in  our  climate 
IJ!  inlvigation  is  closed  by  foe. 
Wy  respeetfnUy)  you  0ieat  obedient  servant, 
^  "JOHNLWKaTH, 

|.^  .  ^^Gtn^rel  Agmi  Ornk  Cempmtn.^^ 

tanmodore  Bbv.  Eflimoir.  «^ 

^|M.a3cteriojr  characters  of  this  ooid  are  generally  asSpirs :  The  sur- 
!i  ^/  deposition  are  not  continuously  aevelopedtn  (Ee  fractures.  In 
)|4itf  them,  a  great  number  of  conchoidal  surfaces  having  a  resinous 
^  alternate  with  spaces  of  a  dull  aspect  The  main  partingp  are  at 
U  «DKle8  to  the  horizontal  surfaces.  The  cross  pidrtings  appear  not  to 
#i^  Oofined  either  in  position  or  extent  The  main  partings  are  in 
10  .jgjiebimenli  very  conspicuously  marked  with:  palehee  of.  sulphuret 
ibisL  ^[Tbe  specific  gravity  of  one  specimen  was  1.8163;  thatof  another, 
ffiSB;  giving  the  calculated  weight  of  one  cubic  foot  of  coal  in  the 
m^  82.48'  pounds.  The  average  actual  weight  in  the  condition  of 
ipS|  (ift'Which  state  it  was  mainly  found  when  ready  for  use,)  was,  by 
$(iab,  46.496  pounds,  or  0.6636  of  the  calculated  weigh  in  the  solid 
is.  The  highest  result  was  61.62,  and  the  lowest  40.62  pounds  per 
jfllifobt  In  the  merchantable  state,  fit  for  tifte  in  MeatteiSj  one  ton 
UeMlte  for  steerage  48L176  cubic  feet  of  space. 
Ifjji  audyiing  the  two  specimens  above  mentioBedy  they 'Weie  found  to 
1^  ;^e  foao#ing  viaterials : 

Mmtim        -         •         -  »^W4  Tnat 

^JMpbw  *  '  (nottiM)  S.8I4    . 

;  IMhIv  t^ladle  matter  -  aia«e6  Sft814 

'  jUhea   ^  «  •  *  •       "S.flBO  MBt$ 

fixad  carbon    •  *  -  *      66.43  60.9M 

16Q.        .     ^  lOO, 


.^W'.'i^P'.^W 


The  coking  of  a  was  efTected  very  slowly;  Ihsl  of  A  Tery  raj 
This,  acconling  lo  the  result  of  a  great  iiumbtrr  of  iriAs,  is  suScia 
J  account  far  ihe  difference  in  ttie  telminiig  of  vilnfile  to  ,^iW  e»mbi] 
nialter.  On  suddenly  exposing  a  porlioa  of  this  coal  in  pnwdet] 
briglit  red  heat,  the  exterior  benonips  swoHoti  and  ii^^latliialcd,  ag 
length  hardened,  before  tho  itiieiior  has  parted  with  all  lis  fsseoux  la 
By  continuing  the  heat,  a  qtiantily  of  confined  gRs  is  arfiumnlntpO 
ctent  to  explode  the  a^tutinaied  shell  of  the  maKs,  vhich  tiien  d«ll 
.  a  brilliant  jet  of  flame.  j 

The  ashes   from   iho  analyses  of  tpccimun  a  art  of  a  MgfaC 
-  ihose  of  A,  of  a  dull  brick-red  color. 

The  weight  of  eon  I  burned  during  four  irisls  of  ©vapoofiTfl , 
was  37ti9.t)S  pounds,  from  which  were  nbiaineil  as  residua  I57.29| 
of  ashes,  weighin^S^  fiouiids  pemibicfbot;  aod  ofclltikcr  l67,1iSpr 
weigbiog  39.5  pouuds  per  cubic  foot ;  also  2(i.75  pounds  of  (OM  m 
fluea,  weighing  14.33  |iounda  per  cubic  loot. 

The  combustible  matter  in  the  ax/irsvirns  9  84  per  ceiil,  of  Ib^V 

"  "  clinker,      0.00  "  "■ 

"  "  sont,         34.27  "  " 

The  total  quantity  of  matt<^r  obsnluiely  incombustible  is,  then| 

323.12  pounds,  or  8.5717  per  cent,  \ 

Twenty-eight  pounds  of  this  conl,  dried  for  three  days  in  llie  sioa 

apparatus,  lost  0.4U6  Ih.,  or  1.45  per  cent.  ^ 

Four  trials  pftQtal  volatile  matter  in  two  specimens  of  this  coslil 

■  «d  to  Dr.  Kitfttal  avenigc  of  31  l>37  per  cent.  This  result,  combinedi 

■  (he  two  already  given,  presents  an  ovcrBge  of  31.116.  From  ull-l 
data,  we  may  take  tho  proximate  conaliliitiou  of  this  sam|)le  to  bei^ 
lows,  viz ;  * 

Moisture  (from  28  lbs.)  -  -  -  1.450  4 

Other  volatile  matter  (mean  of  four  specimens)  29.678   J 

Earthy  matter  (from  3769.63  lbs.)         -  -  8.578  * 

Fixed  carbon  (calculated  hy  ditforence)  -  60.300   I 

jlOft  ■    " 

Hmce  the  wlMUctt  to  the  fixed  ooartuadbla         '    lifiUOS, 

It  ■ppeew  ifaM  both  ilie  .•peoimea*  rntore  «»dned  gen  n 
tioni  of  euthy  metier  eon«id«>bl^  MtAr'thp  JttO&eel  avepn  ' 
Mrthy .natter p£itb«  «Ainker  gtinafl, ioeieed  of.£wiu.  by  le-cwaM 
to  the  amonot'of  1^  per  cent.,  BnilbecaiQeoC|k,idHk  ivSfUijb^-bnnra. . 
Mhei  «nh*A*i  ieipciiieqdioa.alJghlar  nd  tbui  tfi'e  eliDker.eod  Ihe 
itSBu  iSieoot  idUr^tiir  than  thM of  the  eahes. 

£        bf  tbi  WP0»1  on  ep^dowB  S,  gave  a  redaction  of  sK 

ImC  t»  St--,        l|  flw  weight  of  ravoML,mplRyed;ufffi 

m  tA tttk        Jbat  epeeimai  were  together equttt  to  T.Ataiirc 

Jllk,thia  CMilwaa  fennd  to  make  a  good  v 
iHBlfiom  the  letter  very  stroDR,  bat,  of  on 
Latfb*  *D>h.    In  burning  w  ooandi  ( 
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time  thrown  out,  giving  a  brisk  noisy  fire  from  the  hissing  of  these  jets. 

)  those  who  admire  a  bright  blazing  fire,  it  will  be  found  eligible  for 

tk»  and  other  domestic  grates. 

The  mean  time  for  bringing  the  boiler  into  full  action  was  l.IGG  hour, 

d  the  average  quantity  of  unburnt  coke  left  on  the  grate  was  10.53 

unds. 

rhe  coke  is  considerably  intumescent,and  coheres  firmly;  and  these  cir- 

nstances  prove  that,  before  employing  it  in  a  blast  furnace  for  smelting 

3,  the  process  of  coking  will  be  requisite.    This  process  should  be  per- 

ned  slowly,  and  ought  not,  when  conducted  on  open  hearths,  to  be 

ihed  to  the  extent  of  exjpelling  the  last  portions  of  volatile  matter,  lest 

art  of  the  fixed  carbon  be  also  consumed. 

This  coal  is  judged  to  be  well  adapted  to  the  production  of  illuminating 

p,with  the  exception  of  possessing,  in  some  portions  at  least,  too  large 

iiantity  of  sulphur. 

By  a  prompt  application  of  heat,  and  a  rapid  development  of  the  vola- 

I  constituents  of  the  coal,  a  considerable  portion  of  bi-carburetted  hy- 

>gen  would  be  obtained,  which  is  one  oi  the  principal  objects  of  the 

s  manufacturer. 
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COMPANY'S  COAL. 
hc4ef  open;  air  plata  epm. 
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Bi  IIA. -JTm.  H.  m.,  which  gave  water  O.W  grain,  car- 
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boih  valves  to  obviate  priming;  sWj  oicrca^'t. 
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which  gave  laaier  11.58  grain,  carbonic  acid  2.90  grains. 
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ga»e  water  0.61  grain,  carbonic  acid  1.67  grain,  oiygen 

H.634  cubic  Inches;  water  at  D.l  inch  aborenonnal 

level. 
Waier  in  boiler  adjusted. 

AESIDUA. 

Citoker S7.00 

Athei 36.00 

Un behind  bridge 8.77 

TtUldtnker  and  ashes 75.77 

■wtict  wood  uhea,  1.59  lb.,  I.SJt  of  which  had  been  prcTionsly  renMved O.H 

T«tal  wuie  from  coiL W.4S 
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COMPANY'S  COAl. 
meiea  open ;  air  platea  open. 
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ea 

184 

!89 

m 

SQ7 

99.73 

0.900 

e.68 

O.SI 
0.31 

- 

f'jo' 

75" 

71* 

'isT 

■374 

so" 

830 

*-J9!^3 

'o'.m 

"elii" 

mlH 

7.4(1 

76 

71 

IW 

a7< 

80 

330 

29.73 

O.«0 

8.38 

0.30 

340  1     .1 

8.00 

t<.ao 

77 
78 

71 
71 

90S 
314 

976 
874 

«0 

«0 

330 

' 

il9.73 
29.73 

0.304 
0.321 

8.54 
8.37 

0.21 

605 

B.SS 

'o.w 

"T75 

H.4a 

80 

73 

asb 

282 

w 

230 

S9.79 

0.218 

8.40 

o.ao 

940 

'.1. 00 

SO 

73 

356 

^ 

80 

230 

33.73 

O.OOG 

8.53 

0.19 

1113 

97'ti 

!P,ao 

92 

74 

fl7h 

27b 

80 

330 

29,73 

0.220 

8.38 

0.19 

1287 

11. 40 

83 

73 

300 

2S4 

ttO 

230 

29.73. 

0.201 

B.58 

0.20 

1450 

10.00 

a 

7i 

314 

3> 

80 

330 

20.73 

0.20i 

8.54 

0.19 

I6I»'     . 

10- a) 

tt 

73 

39S 

315 

SO 

331 

i.'9.73 

0.316 

8.43 

0.32 

1780  ma 

H5.5 

73.6 

3'2« 

S14 

m 

230 

2H.73 

0.3-JS 

8.36 

0.311 

194''  1     - 

11 '.no 

36 

74 

34J 

304 

60 

23< 

29.73 

0.214 

8.44 

0,19 

■iw  1 1*;,^ 

II. in 

JC 

:, 

310 

290 

78 

232 

29.73 

0.234 

8.34 

0.34 

2199  1    - 

11.40 

« 

76 

348 

3oe 

78 

333 

29.73 

0.222 

8.36 

0.38 

aiw  s.:5 

o'.on 

% 

77 

350 

334 

78 

229 

3!l,73 

0.20f 

8.50 

0.34 

3981)!     .1 

(i.ao 

87 

75 

363 

330 

78 

930 

29.73 

0.212 

8.46 

0.24 

3837  ;  Jl-W 

0.40 

KB 

16 

374 

304 

78 

331 

29.73 

O.Vif 

8,30 

0.24 

341 15 

-  1 

1.00 

=S 

n 

380 

310 

7« 

331 

29.73 

0.326 

0,34 

35H0 

aJ 

i.ao 

»3 

78 

384 

350 

78 

1^1 

29.72 

0.200 

b:58 

0.23 

3S73 

l.M 

89 

74 

38f 

32h 

7S 

333 

29.72 

0.2Qb 

8.33 

0.25 

4r33 

2.00 

92 

77 

390 

331 

18 

29.72 

0.310 

8.48 

0.23 

4340 

3.30 

91 

71 

359 

331 

79 

231 

29.71 

0.a2b 

8.30 

0.38 

«IS 

-  1 

"HM 

m" 

75* 

■376 

324 

78* 

'238 

a9;7i 

'6.' 199 

iM 

'6.36' 

4770 

!U.3 

3.00 

w 

73 

300 

m 

332 

29.71 

0.908 

8.50 

0.28 

5012 

3.30 

91 

W 

80 

29.71 

0.181 

8.T8 

54-9 

4.4S 

39 

n 

80 

5761 

l  \ 

IneU 

6.00 

B6.B 

SI 

316 

196 

79 

$311 

29,90 

o.ioe 

9.51 

0.18 

5T6I 

6.35 

ie.& 

SI 

n 

218 

- 

29.93 

6188 

r,l^  nib}  bcMC,  wuer  W 1  of  coal  Mpplitd  tot  that  time,  6. 
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COMPANY'S  COAL. 

platet  elated;  tteam  thrown  out  at  back  voice. 
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5  3= 

5E 
5-a 

n 

k 

s 

a- 

REMARKa— QrsiesQrftce  14.07  squaw  feet;  lengihuf 

l§ 

s 

§i« 

H, 

circoiiof  beawdgisM  131  feel;  hwghlof  chimney  liJ 
foK. 

g. 

gS5 

g 

£ 

ill 

iit 

ill 

H 

Q 

o 

5 

k.  m. 

65.5 

117 

—37 

Commenctd  firing;  cl*ari  winrl  W.,  UbIiI. 

«.40 

66.6 

113 

+75 

- 

- 

GG.-2 

109 

55 

1.366 

Sie«m  blowiQg  off  il 61. 51te.j  bick  valve  iiDlindf[], 

1.» 

is'.y 

'iii" 

68.9 

116 

41 

6.T& 

68.1 
6H.0 

136 

47 

3;  106 

"'^" 

■■44" 

i.'ssi 

Wind  SW.,  light;  clrar. 

70.3 

156 

53 

1.359 

9.oe 

10.3 

176 

51 

1.06  J 

71.0 

196 

46 

1.38^ 

G9.-i 

217 

M 

1.3H6 

67-7 

331 

48 

1.311 

IO.W 

68.5 

)I3T 

81 

1.351 

Wind  W.,  brisk;  clear. 

69.1 

3t3.5 

8t 

1,335 

Sprinkling  of  rain. 

ILOO 

69.7 

i36 

71 

1,987 

-Comuien  cddta«itiggiires  from  lower  Baeai  tU.  a.  lim 
drevin  19  mioutn' lOOeubic  inches,  which  gave  va-.cr 

7i.7 

351 

58 

0  9a  grain,  carbonic  acid  5,73  grams. 

ii.iti 

73.7 

m 

76 

- 

Filled  iar)ir,  warer  in  butler  having  fallen  0.7  inch  below 

normal  level. 
Cea-sed  rainine  wind  WNW. 

74-1 

am 

9i 

3.071 

0,25 

70.9 

3:5 

90 

2.043 

WindNW. 

Ti.l 

386 

73 

1.335 

73.3 

41 

7H 

I.3MI 

1.^ 

TJ.6 

391 

119 

3.311 

Coromcnced  drawing  gases  ai  lt.30n,  p.  m.  from  lower 
flue;  drew  100  cubic  in.he.^  In  in  minoies,  which  give 
waici  0.!I8  grain,  carbunic  acid  6,US  graini,  ojyiien 

68.8 

297 

96 

3.01i 

lo.U  cubic  inches.    Noi^moke  from  chimnef  duniiit 

n.t 

ass 

103 

I.6i3 

the  drawing. 

- 

68.1 

S6i 

103 

1.391 

Snioke  30  second!  in  reaching  chimney  lop. 

9.30 

ioii' 

isi" 

"'93' 

■j.'we 

FilledtankKr2<t.55>N.p.tii. 

65.3 

68 

1.383 

CoDients  of  ash  pit  on  grale. 

Waier  in  boiler  leA  al  U.7  inch  above  normal  level. 

64.9 

- 

63.4 

- 

- 

Wind  NW.,  light. 

' 

56-9 

ITD.B 

-33 

Waier  0,7  inch  below  normal  level. 

56.0 

Waier  in  bailer  adjasied. 

RESIDUA. 
Peiutdl.  I  Pmin: 

Cllnlcet. 35.93    Dedaci  wood  uhr« 0,3' 

Ajiiea................ W-WTolalwasle  from  coal TH." 

Aibea,  Ac.,  behind  bridge S.>0| 


.  T9.13 
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TABLE  CXX^CIEEK 
Fourth  triat — w/tfMr  diagitr  10  Malcf  eftn; 


TEUFSHITDR 

Ksor 

THE 

i 

fr 

1 

1 

Hour. 

s 

1 

.3 

'1 

s 

1: 

S 

L-a:c. 

Is 

i 

I 

1 

5 

1 

It 

s^ 

|e 

II 

1^ 

.= 

.£ 

I' 

2 

*o 

r 

3    = 

= 

; 

E 

M) 

M 

J 

E 

^ 

■3 

S 

^ 

1 

1 

1 

£ 

i 

a 

t 

^ 

June  15 

i.m. 

m.b 

61 

313 

IDd 

79 

218 

29.9i 

0.066 

9.93 

0.19 

6  15 

n 

6!> 

333 

3iW 

79 

925,6 

39.93 

0.186 

e.74 

0.21 
0.36 

st.:ii 

ti'so 

rJ" 

tji' 

aai 

351 

':9 

334*' 

wifn 

o'.^i 

'9.3* 

90.61)' 

7.10 

7-J.S 

S5 

aaw 

40:. 

79 

33j 

39.93 

0.93tf 

8.38 

0.33 

n 

fe:g^ 

7.30 
7.50 

77 

-260 

370 
400 

79 
79 

-Z3J 
23J 

* 

39.91 

39.95 

0.31K 

o.3ie 

8.40 
8.43 

0.33 

58. 

"o'.x 

*7M 

».« 

8.10 

79 

SI 

aso 

401 

78 

233 

39.96 

0.B3B 

8.30 

o.« 

tm 

8,3U 

7U 

Ii4 

ifflO 

411 

7!* 

■iiS 

«i.96 

fl.vSi 

8.36 

0.41 

asTn 

H.5U 

■H 

(.6 

99!- 

411! 

7a 

333 

39.9fi 

0.331 

8.38 

0.4U 

SS 

D.l«i 

w 

30*. 

421 

7^ 

^33 

■.SI. 97 

0.314 

ri.44 

0.35 

efa 

ii.ao 
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liS 

3lii 

4lS 

16 

333 

39.91 

0.«36 

8.33 

0.40 

: 

lU.Uo 

ra 

c; 

3iK 

3^^ 

7ii 

330 

39,^7 

n.«K. 

8.59 

0.31 

^i, 

lU.-tO 

b6 

6fl 

3M 

3HI 

Tti 

33J 

3!).  57 

0.310 

K.4H 

0.34 

Ma 
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H5 

34« 
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7H 

333 

39.  ■J7 

0.311 

8.48 

0.35 
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11. IW 
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Gti 

351 

3i;g 

7li 
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0.3I( 
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IM^U 

1j 
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3fi0 

3f)(, 

7fi 

3.11 

29.97 

(1.206. 

8.53 

O.ao 

4911 

» 

0  Jll 

-5 

GU 

3tk< 

3111 

70 

£31 

- 

39.97 
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6.53 
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39.97 
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«.3S 
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333 
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380 

230 

81 

238 
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39.96 
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J_..clG 
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--1 
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lit 

at 
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if 
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REMA,RK9.-GrBle  si>rfMe  14.07  squsre  fee(;  leogih  of 
circuii  of  healed  gi»e»  131  teei ;  li«lght  uf  cbimnej  63 
fwL 

Lk. 

6.15 

55.9 

60.6 

173.  S 
159 

-afi 

130 
170 
134 

1.331 

Cumm«i«ed  firiog;  water  ia  boiler  0.3  inch  above  normttl 
W  oud  cuDsamnl  671  Ibg.-,  commeDced  cbargiDg  wiih  coal. 

6.50 
7.30 

61^.6 

61. a 

56.7 

59.ti 

5:>.7 
55.7 
57.1 
58.  !l 
57.3 
Sll.l 
5il.-i 
5H.5 
50.!! 

5a.  5 
6J.0 

G3.0 

159 

H5.5 

l&t 

182 

ail 
311 

fl[4 

**: 
■iii.b 

315 
300 
337 

m 

273 
281 

asj 

281 

Sream  blow,  off  under  lbs  second  weighl,  which  was  te- 
movcdKnuD  Biter. 

The  ihird  charfre  of  coal  is  nearlr  all  Sds;  lbs  other 
charges  ihis  diy  used  are  mosily  in  lampH;  tbe  l0!t 
charge  had  one  large  lump  surruaaded  wiib  fine  coal. 

PiUiDS  tank;  water  in  boiler  OJ  inch  below  normal  larel ; 
laiik  filled  Bi  DA.  45>n.;  3m-<\K  IS.Sseeuads  in  reaching 
chimney  Uip;  syphon,  0.31;  e^lra  weijjhl  removed 
from  back  mlve;  (;omineDced  drawing  Raws  at  10*. 
Ow  i  drew  in  17  miooiei (50 cube  inches,  which  gave 
wnler  0.15  eraia,  carbonic  acid  3.31  eraini:  nind 
aw.,  clear. 

Commen'^d  draving  ^axtr  secoad  lime  at  lU.  SSn.;  drev 
in  9  mlnolfs  l!0  cubic  inchea,  which  gave  water  0.59 
grain,  carbunic  acid  3.SS  grains;  no  smoke  from 
chimney. 

Coal  Id  drying  apparatus  weighs  37  lb?.  31  oi. 

Smoke  24.S  seconds  in  reaching  chimney  lop. 

B.0O 

6.30 
i.DS 

i.vt 

U.U 
11.(5 

l.is 

16H 
171 

21[ 
•209 
lUd 
235 
151 
118 
IHO 
13J 

tl» 
1511 

119 
130 

I.M7 

2.64(S 
i.l2H 

3.24-, 
4.-21-J 

2.7611 
3.405 
2.7'iJ 
3.36, 

3.r.r 

1.9S5 

3.411 

3.1ft 

577? 
59.5 

511.5 
ill.3 

293 
293 

137 
119 

IW 

m 

% 
-30 

1.5B3 

ConTents  uf  ash  pit  thrown  on  ijraie  at  3*.  On. 

Filled  laok;  damjftr  redncal  lo  3  inches. 

Waier  in  boiler  lefiaiO.H  inch  below  normal  levoL 

Water  03  Inch  below  normal  level. 
Water  lo  boiler  ad;ustea. 

CliBlier 49.00 

Mm ; 35,75 

Allies  behind  bridge 8.97 

Toial  ashes  and  clinker 67.79 

Dcdncl  wood  uhea 0.369 

Total  waste  from  coal B7.4H 

Colre 8.96 
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TABLE  CXXL— DEDUCTIONS  FlOll 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

IS 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 

44 

45 
46 
47 


Nature  of  the  data  ftirniahed  by  the  respective  tablet. 


/ 


Total  duration  of  the  experiment,  in  hoort 

Duration  of  steady  action,  in  houn        .  -  • 

Ana  of  grate,  in  sauare  feet       - 

Area  of  heated  siuiace  of  boiler,  in  square  feet  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Number  of  chaiges  of  coal  supplied  to  ^te 

Total  weieht  of  coal  supplied  to  grate,  m  pounds 

Pounds  of  coal  actually  consumed  ~  ".  * 

Pounds  of  coal  withdrawn  and  separated  after' trial 

Mean  weieht,  in  pounds,  of  one  cubic  foot  of  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action  - 

Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 

Total  waste,  ashes  and  dinker,  from  100  pounds  of  coal 

Pounds  of  dinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cen'. 

Total  pounds  of  water  supplied  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit 

Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment,  m  pounds      -  -  -  - 

Pounds^f  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  squan  foot  of  heated  sur&oe  per 

hour,  by  one  calculation        *  .  .  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations   ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  -  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Moan  temperature  of  gases,  when  amving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches      -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
MeaD  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  point,  by  adcmation  - 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern  and  boiler    -  -  -  -  - 

Water  to  1  of  coal,  from  212°,  corrected  for  temperature 

of  water  in  cistern  and  boiler  ... 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  fuel  .-.--. 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  in.,  above  atmosphere 
Condition  of  the  air-plates,  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper)   -  -  . 


1st 
(2VUc  CXVU.) 


MTrU. 


19. 


4.75 
14.07 
S77.S 
18.75 
10.0 
938.00 
927.08 
10.99 
46.90 
138.56 
'9.848 
8.1363 
3.9797 
48.897 
7706.0 
770.8 

416.0 

55.0 
1186.59 
18.98 

3.143 

3.409 

8.252 

8.562 
7.574 

760.50 
620.125 
2250. 37& 
3340.125 
2330.625 
740.00 
30.200 
8.295 
0.2280 
0.3814 
530.34 
1480.875 
1010.50 

8.2082 

9.2761 
435.05 

10.0177 
1.449 
6.6312 

Open. 

U.      10 


19. 


4.85 

14.07 

sn.5 

18.75 
10.0 
950.75 
945.06 
5.0 
47.517 
117.11 
6.»l 
8.910 
4.8M 
54.1QS 
7969.0 
750.5 

446.0 

57.0' 
939.3 
14.916 

9.489 

2.45€ 

7.6M 

7.9SI 
8.1978 

760.54 
670.71 
2560.33 
3170.55 
2300.17 
740.0 
99.937 
8.469 
O.2109 
0.3233 
630.47 
1790.77 
1070.33 

7.645 

8.6583 
411.56 

9.5051 
1.4069 
6.0094 

Open. 

U.     5 
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ABLES  CXVII,  CXVIII,  CXIX,  fcxX. 
ompany't  coal. 
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3d  Trial. 

4th  Trial. 

Averages. 

Remarkfl. 

TiUe  CXIX,) 

{TAU  CXX.) 

1 

Jvm€  14. 

June  15. 

23.917 

24.25 

6.25 

125 

14.07 

14.07 

377.5 

377.5 

18.75 

18.75 

10.0 

11.0 

918.5 

1005.5 

• 

901.97 

996.52 

16.53 

8.98 

10.53 

When,  on  Uie  3d  trial,  the  combnition  was  con- 

45.925 

45.705 

46.517 

ducted  with  the  damner  drawn  but  5  inches, 

106.033 

122.04 

120  936 

the  weight  of  coke  left  unbunit  was  16.53 

7.536 

8.673 

8.595 

lbs.;  and  on  the  4th  trial,  with  damper  10 

8.731 

8.785 

8.6406 

inches,  the  unbumt  coke  was  8.98  lbs. 

8.9658 

4.9011 

4.4151 

«   45.42 

51.018 

49.8425 

6188.0 

7089.0 

790.1 

770.5 

437.0 

240.0 

55.0 

31.0 

642.775 

960.0 

930.399 

0 

10.284 

15.36 

14.885 

From  the  great  activity  of  the  fire  in  the  early 
part  of  the  first  experiment,  the  water  occa- 

1.703 

2.543 

2.4645 

sionally  rose  in  foam,  and  discharged  a  little 
spray,  until  the  back  valve  was  unloaded ;  the 

1.568 

2.439 

evaporation  is,  therefore,  suspected  to  be  given 
too  nigh. 

6.799 

7.089 

7.441 

6.062 

7.959 

7.636 

9.1925 

8.8165 

8.4452 

840.43 

810.47 

74^.07 

660.24 

31P.09 

3130. 18 

2760.494 

3010.09 

3980.82 

3370. 896 

The  temperature  of  the  gases  on  arriving  at  the 

S30O.50 

2310.94 

chimne^was  ^nerally  higher  when  the  coal 
was  buV^  with  the  open  air-plate  than  when 

810.00 

78O.0 

29.727 

29.961 

with  it  closed  ;  but  in  the  4th  trial,  when  the 

8.419 

8.436 

flues  had  become  much  coated  with  soot,  the 

0.2166 

0.2144 

temperature  of  escaping  gases  was  nearly  70o 
higher  than  during  the  first  and  second  ex- 

0.22 

0.3469 

0.3179 

700.40 

580.75 

periments. 

2260.66 

2310.75 

1960.764 

750.73 

1720.00 

1140.14 

\ 

6.8605 

7.0649 

7.4446 

7.7457 

7.9874 

8.4168 

355.72 

365.07 

391.855 

8.4867 

8.7567 

9.2115 

In  these  trials,  it  appears  that  the  open  air-plato 

1.445 

1.4237 

1.4311 

at  the  furnace  bndgc,  together  with  the  free- 

6.5717 

6.2579 

6  3675 

dom  of  the  flues  from  soot  in  the  first  two 

Closed. 

Glowd. 

trials,  produced  results  decidedly  superior  to 

U.      5 

U.    10 

those  obtained  in  the  oppo«iv&  c;a^v\tM>\aikK»& 

i 

at  the  3d  trial. 
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General  remarks  on  the  preceding  table  of  deduciion»f  and  on  the  expai 

meats  from  which  it  is  derived. 

In  all  the  experiments  on  the  coal  of  the  Greek  Gompanyi  it  will  be 
observed  that  the  grate  remained  of  the  same  size,  the  circuit  for  the  gases 
of  the  same  length,  and  the  chimney  of  the  same  height  The  weight  of 
coaL  burned  at  each  experiment  was  also  nearly  the  same.  The  period 
of  steady  action  varied  from  4.75  to  6.25  hours. 

The  rate  of  combustion  appears  to  have  been  considerably  more  rapid 
on  the  first  than  on  any  of  the  subsequent  trials,  being  9.84S  pounds  per 
square  foot  of  grate  surface  per  hour,  while  the  average  for  the  other  three^ 
days  was  but  8.177  pounds.  The  proportion  of  the  total  toasteonibi^^ 
several  days  of  trial  varied  but  little.  It  was  least  when  the  rate  of  oom?^ 
bustion  was  greatest — that  is,  on' the  first  trial.  This  uniformity  in  the ^ 
earthy  residue  shows  that  the  sample  had  been  so  prepared  for  use  88  to , 
exhibit  a  nearly  equal  purity  throughout ;  very  different  from  what  hap- ^ 
pened  in  several  other  samples  sent  for  these  experiments. 

It  appears  from  the  18th  line  of  the  table  of  deductions,  that,  with  the ,. 
exception  of  the  last  trial,  nearly  the  same  quantity  of  water  was  supplied^ 
on  each  morning  after  terminating  an  experiment,  in  order  to  restore  b 
level  of  water  in  the  boiler  to  correspond  to  the  existiiig  temperature. 

The  rate  of  evaporation  was  very  different  on  the  different  trials  :  l&ffl . 
cubic  feet  of  water  were  evaporated  per  hour  on  the  first,  and  only  1(128 
on  the  third.     The  average  rate  for  four  days  was  14.885,  which  is  k- 
tween  4he  free  burning  bituminous  coals  and  the  artificial  cokes  alreedf  j 
exhibited  in  connexion  with  the  synoptical  table  of  the  free- burning  disi  I 
The  evaporative  efficiency  of  the  pound  of  coal  given  on  the  first  trial  ] 
(line  41)  is  materially  above  that  in  either  of  the  others,  and  leads  to  the 
suspicion  that  the  brisk  action  of  the  fire  may  have  caused  some  water  to 
escape  on  that  day  mechanically  mixed  with  the  steam.     It  was  on  thai  ^ 
occasion  found  nece>sary  to  allow  the  steam  to  escape  at  both  valres,ia 
order  to  equalize  the  pressure,  and  prevent  too  much  local  ebullition  by 
the  current  of  steam  flowing  towards  a  single  point  of  exit. 

The  two  trials  with  the  air  plate  open  have  evidently  given  results  (as 
seen  in  line  43)  which  considerably  surpass  those  obtained  with  the 
plate  closed.  This  appears,  in  fact,  to  be  the  principal  circumstance  which 
caused  a  marked  difference  in  the  effect  of  this  coal  on  the  separate  days 
of  trial.  • 

The  tables  of  experiments  show  that  the  products  of  combustion  were 
analyzed  either  wholly  or  partially  on  every  day  during  the  corabustioa 
of  this  sample.  On  the  first  day  were  made  three ;  on  the  second,  third, 
and  fourth,  each,  two  analyses.  One  point  attempted  to  be  ascertained 
by  these  trials,  was  the  relative  proportionof  the  principal  products  when, 
in  the  one  case,  smoke  was  flowing  copiously  from  the  chimney,  and,  in 
the  other,  when  it  discharged  only  invisible  gases.  It  appeared,  as  a  general 
result,  that  carbonic  acid  was  in  greatest  abundance  while  smoke  caine 
most  copiously  from  the  flue,  and  that  aqueous  vapor  was  not  then 
relative  in  so  great  quantity  as  at  a  subsequent  period,  when  the  smoke 
had  disappeared. 
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No.  6. 

liiious  coal  from  the  Clover  Hill  minesj  on  the  Appomatox  river ^ 

Virginia. 

!  following  letter  states  the  origin  of  this  sample,  and  gives  other 
ite  intonnation. 

"  Petersburg,  June  13,  1S42. 

SAR  Sir  :  In  consequence  of  the  desire  expressed  by  the  Board  of 
Commissioners  to  be  furnished  with  specimens  of  the  different 
can  coftht^  I  have  taken  the  liberty  to  order  to  be  sent  to  the  navy- 
t  Washington  five  hogsheads,  containing  a  little  upwards  of  two 
f  coal,  from  the  Clover  Hill  mines.  This,  I  hope,  the  board  will  do 
e  favor  to  receive,  and  submit  to  such  tests  and  analyses  as,  in  their 
m,  may  be  calculated  to  prove  its  adaptation  to  steam  purposes. 
*he  Clover  Hill  mines  are  situated  on  the  Appomatox  river,  about 
ly  miles  above  the  town  of  Petersburg,  State  of  Virginia.  The  pres- 
Upping  point  for  the  coal  is  Petersburg,  or  City  Point ;  and  it  can  be 
Bred  more  cheaply  or  expeditiously  at  Norfolk  than  any  other  towu 
yon  the  Atlantic  seaboard.  But  it  may  be  shipped  to  any  other 
rttown,  though  at  greater  cost,  as  the  location  of  its  shipping  point 
I. 

s  may  be  seen  by  examination  of  the  specimen  sent,  from  the  square 
re  and  hard  gmin  of  this  coal,  it  may  be  raised  and  transported  in  a 
'  state.  The  specimen  sent  was  extracted  from  the  mine  about  the 
lay  of  May  last,  and,  from  that  time  till  within  a  few  days,  has  been 
ed  to  the  sun  and  weather. 

'he  specimen  was  taken  from  a  cargo  recently  shipped  to  the  navy- 
it  Gosport,  in  fulfilment  of  a  contract  made  by  the  Clover  Hill  Corn- 
to  furnish  800  tons  of  coal  at  that  point  for  the  use  of  the  govern- 
I  would  respectfully  suggest  to  the  board  the  propriety  of  seeking 
the  commandant  of  the  Gosport  station  information  in  relation  to  the 
ty  and  size  of  the  Clover  Hill  coal  delivered  there,  as  compared  with 
lelivered  there  by  other  cohtractors.  It  must  be  more  satisfactory  to 
ifcrmed  of  the  character  and  quality  of  coal,  as  well  in  mass  as  in 
neos;  for  all  mines  will  produce  specimens  superior  to  the  general 
ess  of  the  vein. 

Tthe  board  be  pleased  with  the  coal,  and  desire  a  supply  beyond  the 
ot  contract,  the  Clover  Hill  Company  are  prepared  to  extend  the  con- 
so  2,000  or  3,000  tons,  to  be  shipped  during  the  summer  or  the  next 
r,  for  the  same  price  per  ton  as  the  contract  already  made. 
have  not  thought  fit  to  trouble  the  board  with  a  particular  descrip- 
i(  the  Clover  Hill  mines,  or  to  enter  into  details  in  regard  to  the 
ies8  and  extent  of  the  vein,  the  facilities  of  transportation,  &c.,  be- 
not  informed  that  such  information  was  desired.  But  this,  or  any 
information  I  have  on  the  subject  of  coal  in  this  section  of  the 
ly,  will  be  cheerfully  furnished  them  at  any  time  they  may  indicate 
I  to  receive  it.  I  am  pleased  to  see  that  the  Navy  Board  have  deter- 
.  to  seek  information  in  regard  to  the  adaptation  of  different  coals  to 
)f  generating  steam,  h  is  a  subject  of  growing  interest  and  im- 
ce ;  and  the  plan  adopted  to  get  information  by  an  actual  test  of  the 
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four  trials  of  evaporative  power,  there  were  burned  3775.1 
!"  this  sample ;  and  the  weight  of  ashes  was  246.655  pounds,  of 
9  pounds,  and  of  soot  42  pounds.  The  ashes  weighed  53.81 
er  cubic  foot,  aud  lost  by  reincineration  14.93  per  cent.  The 
eighed  41 62  pounds  per  cubic  foot;  lost  nothing  by  calcination ; 
le  contrary,  gained  very  nearly  I  per  cenu  by  peroxidizing  the 
:h  was  previously  partly  in  the  state  of  magnetic  oxide.  The  soot 
).2  pounds  per  cubic  foot,«and  lost  43.67  per  cent,  of  its  weight 
ration.  ^ 

naking  these  deductions  for  combustible  ingredients  in  the  sev- 
la,  there  were  left  382.49  pounds  of  matter  absolutely  incom- 
er 10. 132  per  cent.  From  this  analysis  of  the  whole  sample,  we 

ture            -            .           -            .           .           .  1.339 

ile  matter  other  than  moisture       ...  31.698 

s 10.132 

d  carbon    .--.-.  56.831 


100. 


ves  the  relation  of  the  volatile  to  the  fixed  combustible  matter 

>29. 

of  lead  reduced  by  specimen  b  gave  26.962  limes  its  weight  in 

3ad.    Deducting  ashes  and  moisture,  this  gives  of  lead  to  1  of 

)le  matter  28.527. 

cimen  b  an  experiment  was  made  by  the  organic  method  of 

is  purpose,  6.05  grains  of  the  coal,  perfectly  dried,  were  treated 
he  usual  precautions  with  the  scale  oxide  of  copper.  As  the 
had  1.277  per  cent,  of  moisture,  and  4.3752  per  cent  of  ashes, 
entage  of  dry  coal,  which  is  ci)mposed  of  combustible  ingre- 
100—4.4318=95.5682;  which  shows  that  in  6.05  grains  of  dry 
3  were  5.7818  grains  of  combustible  materials. 

IX  collected  in  the  chloride  tube,  and  sulphuric  acid 

eighed  ......    2.58  grs. 

)nic  acid  in  the  three  tubes  for  its  reception  -  -  17.68 

the  hydrogen  is  0.2866,  (=|  of  the  water,) 

irbon  4.8217,  (=/r  of  the  carbonic  acid.) 

im  of  these  =  5.1083,  deducted  from  6.7818,  leaves  fi)r  oxygen 

0.6735. 

the  composition  of  100  parts  of  the  combustible  matter  of  the 


on   .  -  -  -  -  •  -  83.393 

pogen  ......    4.958 

{8n  and  azote  ....  *  11.649 

lOO 


volatile  matter,  other  than  moisture,  in  100  of  the  raw  coal,  was 
previons  experiment,  to  be  28.923  per  cent,  we  may,  fimm  the 
analysis,  deauce  the  weight  of  carbon  which  that  volatile  mat- 
ned. 
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Thus,  as  the  moisture  is  •  -  •  •    1.277  pet  em 

Ashes      .......    4.376     " 

Fixed  and  volatile  combustible  J  S"j^°  '  "  ^f'eS     I 

(94.348)  comp^ed  of  -    |«jjj^f  i.,  ;;„„     •.  .JSS     ' 

the  sum  of  the  last  two,  16.668,  subtracted  from  28.923,  leaves  for  caib8i|| 
in  the  volatile  matter,  13.255. 

Deducting  the  amount  of  hydrogen  equivalent  to  saturate  theoiyg«J 
iff  the  coal,  we  have  left  3.303  parts ;  and  admitting  the  heating  pOTCt^ 
this  to  be  62,535,  according  to  the  result  of  Dulong's  researches,  WS' 
tained  62535  X  0.03303=2065.5=the  weight  of  water  heated  one 
Fahrenheit  by  the  burning  of  the  hydrogen  in  one  pound  of  this 
By  assuming  the  heating  power  of  carbon  to  be  12,906,  according  10 
same  authority,'  we  have  12906  x  78.68=101 54.6=the  heating  powr] 
from  the  carbon  in  one  pound  of  coal.  The  sum  of  these  two  nam-! 
bars  is  12.220=the  number  of  pounds  of  water  heated  1^  by  the  com- 
bustible ingredients,  omitting  the  sulphur.  This  number^  divided  tj 
1030^,  the  latent  heat  of  the  vapor  of  water,  gives  11.864  pounds  of  vi* 
ter  converted  into  steam  from  212^,  by  the  combustion  of  one  pound  of 
this  coal. 

Comparing  the  above  result  with  the  practical  heating  power,  as  gim 
in  the  table  of  deductions,  we  have  a  wide  difference.  The  higheK 
amount  of  water  from  212^  to  1  of  coal,  was  only  8.0468.  The  appui- 
tus  for  drawing  gas  from  the  chimney  had  not  been  arranged  at  the  tims 
this  sample  was  burned;  and  I  cannot,  therefore,  offer  any  cfirec/obseT" 
vations  to  test  the  products  of  its  combustion,  from  which  to  derive  ill 
heating  power,  such  as  are  contained  in  a  subsequent  part  of  the  report^ 
upon  various  other  samples  of  coal. 

But  we  may  deduce  this  from  another  source. 

The  table  of  deductions,  following  those  of  experiments  on  this  coal, 
furnishes  the  highest  amount  of  water  evaporated  from  212^  to  1  of  com- 
bustible  matter  in  the  coal,  9.1513,  and  the  average  8.5885. 

In  burning  the  Tippecanoe  coal,  (which  is  in  all  respects  a  perfect  coun- 
terpart of  the  Clover  Hill,  tlie  two  pits  being,  I  understand,  in  close  prox- 
imity and  on  the  same  bed,)  the  gases  of  the  chimney  were  analyzed,  and 
the  heat  expended  on  all  the  principal  absorbents  is  calculated.  The 
evaporative  power  of  1  of  cpal  in  that  case,  as  derived  from  the  steam  il 
expelled  from  the  boiler,  was  8.408 ;  and  the  total  power  expended  on  all 
the  absorbents  is  10.29.  Hence,  of  the  total  evaporating  power  measured^ 
there  was  employed  on  the  boiler  81.504  per  cent. 

The  water  evaporated  by  1  of  combustible  matter  on  the  same  day  was 
9.2932 ;  and  the  total  evaporative  power  to  1  of  combustible  must,  there- 
fore, have  been  11.402. 

Taking  81.504  per  cent,  as  the  proportion  of  heat  expended  on  du 
boiler  in  the  case  of  Clover  Hill  coal,  the  total  maximum  evaporative 
power  of  1  of  combustible  was  9.1513-1-0.81504  =  11.228;  and  tne  aver 
age  is  8.5885-1-0.81504=10.537.  To  compare  this  with  the  rasnlt  of  the 
above  analysis,  we  have  the  carbon  in  one  of  combustible  0.83393 :  and 
this  multiplied  by  12906,  gives  10745  as  the  heating  power ;  and  the  Meam 
.  evaparaiing  power  is  10745 -1-1030=10.446.  Hence,  the  carbon  alone  ap- 
s.tp  be  adequate  to  picoduce  the  ^hole  average  evaporative  effect  oh- 
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red.     The  excess  of  hydrogen  was  0.03502  of  the  combustible  matter, 

I  0.03502  X  62535=2190  =  the  computed  heating  power  of  the  hydro- 

L,  of  which  the  equivalent  in  evaporative  power  is  2.126. 

Yhen  tried  in  the  smith  shops,  the  workmen  complained  that  this  coal 

ie  a  large  amount  of  cinder;  would  not  form  a  good  hollow  fire  of  any 

iriderable  durability;  and  that  it  corroded,  or,  as  one  expressed  it,  '*  ate 

**  the  iron. 

[n  burning,  it  fulls  into  small  lumps,  which,  under  the  steam  boiler,  oc- 

lioned  a  large  portion  to  pass  through  the  grate,  and  in  the  smith's  fire 

ivented  forming  a  durable  arch.    In  office  and  parlor  grates,  the  same 

166  produces  a  strong  tendency  to  waste. 

For  the  manufacture  of  iron,  it  will  require  coking;  and  where  this 

Bration  is  performed  on  large  quantities,  the  agglutination  may  probably 

sufficient  to  constitute  a  suitable  fuel  for  that  purpose. 

The  average  time  required  to  bring  the  boiler  to  steady  action,  while 

troing  this  coal,  was  1.933  hour. 

The  weight  of  coke  left  uuburnt  11.512  lbs. 

It  will  be  remarked  that  it  yields  a  very  large  amount  of  soot    The  ac- 

imulation  of  it  in  the  interior  flues  of  the  boiler  was  such  a&  to  dimin- 

1  their  opening  neaily  one  half;  and  in  the  outside  flues,  the  surface 

the  boiler  there  exposed  wa.s  covered  from  an  inch  to  an  inch  and  a 

If  in  thickness,  in  the  course  of  four  trials. 
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6.40 

68 

361 

906 

67 

311 

30.0fl 

_ 

0.13 

rm 

7.00 

66 

- 

360 

305 

67 

306 

M.oe 

- 

' 

0.13 

5GH 

- 

Perioil  ».r  sleady  aciioD  from  9*.  45«.  to  5*,  Om.  p.  m.  = 

74.  15n.    Coal  sDpplied  lo  tin  (W 

ioitiesa 

ne  tim 

611 

&lbi 

»r. 

3ilie 

boilF 

r,3. 

20lba. 

»BicriftlolixAl,4^3. 
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r£B  HILL  COAL. 
I  optn;  airplatta  open. 


I  ^ 
1 

I I 

!f 

:3 

1 

li 

1 

1^ 

1 

REMARKS.-Gr»ienirfiiMl4.3M  square  f«i;len?tli  of 

^u^(i««ILeoled  Eases  181  feel;  heighlofchiaiufr41 

1 

179 

ii;7 

ICl 

-26 

+3U 

43 
131 

m 

131 

1.363 
0.927 

0,y27 

Commenced  firing. 

Waud  cont^umed  193|  Ibit.;  commeaced  cbarglng  villi 

eiial-,  Meim  al  cqDilibrium. 
Siraoi  twpinalu  blow  off;  upper  dtmper  »t  u  13  iacboi. 

- 

IGG 

8U7 
346 

37fl 
411 
Ml 
41J 
45 1 

i-a 

47U 

Coal  in  diylDg  apparaiw  w«(gtu  37  Ite.  10  m. 

m 

1311 
123 

116 
109 

rJi 
Jjl 

(W 
8>) 
7d 

1.351 
0.9110 
1.573 

1.371 
\.Sii 
1.303 

1.059 
0.967 

O.HTI 

o.csu 

Considerable  wiolto  at  chimney  top. 

Filled  lanlr. 

As  in  ihe  precidinj;  eiperinenis,  the  lighter  ehtrgei  wen 

chiflly  lump-',  the  he.ii-ier  moMly  line  coal. 
Suiuke  auwiaK  from  cliimney. 
Cuuicnis  uf  a^ih  pit  Ihruwn  on  grate,  Bad  air  plai«<  clo»ed. 

!  - 

i  - 

470 

i:'i 

75 

—  « 

—  1 

\.-&6 

Water  in  boiler  leA  1.4  ineb  above  Dormal  level. 

W«rer  1.75  Inch  below  normal  level. 
Woicr  in  b..iler  ailj'isied. 
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TABLE  CXXVL— DEDUCTIONS  FROM 

Experimeniion 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 

29 
30 
31 
33 
33 
34 
35 


Nature  of  the  data  furnished  by  ihc  respective  tables. 


37 
38 
39 
40 
41 

43 
43 

44 

45 
46 
47 


I 


Total  duration  of  the  experiment,  in  hours 
Duration  of  stpjidy  action,  in  hours        ... 
Area  of  grate,  in  square  ftet        -  -  -  - 

Area  of  heated  surface  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  cnul  suppli(rd  to  gmtc 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weig^ht,  in  pounds,  of  one  cubic  fool  of  coal 
Pounds  of  c4)u]  supplied  per  hour,  during:  steady  action 
Pounds  of  coal  per  square  footof  grute  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  cool 
Pounds  of  clinker  nlone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplifd  to  the  ImiltT 
Mean  tcmjtcnilure  of  water,  in  dei^^rci'S  Falircnheit 
Pounds  of  water  supplied  at  tlie  end  of  experiment,  to 

restore  level    - 
Deduction  for  temperature  of  water  supplied  at  end  of 

cxnerimcnl,  in  pounds  -  -  -  - 

Pounds  of  water  evaporated  ])er  hour,  during  steady  action 
Cubic  ft:et  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation,        -  -  -  . 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations   ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      ------ 

Water  evaporated  by  1  of  ct>al,  fn)m  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  daring 

steady  pressure  -  -  -  -  - 

Mean  temperature  of  wet  bulb  thermometer,  during  steady 

pressure  ------ 

Mean  temperature  of  air,  on  arriving;:  at  the  grate 
Mean  tem]>erature  of  gascn,  when  arriving  at  tlie  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  tenipcratu.e  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       .  .  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  munoinctor  -  -  - 

Mean  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  l)cfore  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212',  corrected  for  temperature 

of  water  in  cistern      -  -  .  -  . 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  cool 
Water,  from  212°,  to  1  pound  of  ombustible  matter  of 

the  fuel  ------ 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  the  furnace  bridge 
Inchei  opening  of  damper,  (U.  upper)   -  -  - 


Ut  Trial. 
^TMeCXXiL) 


3d  Trial. 


35.0 
8.5 
16.85 
377.5 
31.66 
13.0 
1197.35 
1191.0 
6.35 
46.048 
113.08 
6.897 
9.4326 
4.7003 
49.716 
8355.0 
65<>.0 

1595.0 

221.0 
655.29 
10.48 

1.735 

1.756 

6.8379 

5.846 
9.1402 

6P.91 


367^.0 
2410.47 
228M8 
59  ^0 
30.251 
8.723 
0.186 
0.1328 

295^09 
13-\29 

6.8278 

7.8023 
359.28 

8.GI49 
1 . 4277 
6.3IG4 
Removed. 
U.     12 


.W93. 

23.33 
6.5 
16.2S 
377.5 
81.66 
9.0 
808.5 
796.07 
10.43 
44  36 
83.33 
5.1S1 
12.069 
4.04S9 
33.488 
5730  0 
62^3 

985.0 

139.0 
507.7 
8.  IS 

1.345 

I 

l.»l  1 
7.0056 

6.099 
8.9^13 

58^.79 


343^0 
300^71 
227=.66 
56  ^0 
30  296 
8  741 
0.11J45 
0.1518 

234'  21 
72-\S5 

7  0251 

8  04ftJ 
356.96 


9.1513; 
J. 4164  i 
6  14H4 
Removed. 
U.     12 
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3d  Trial. 

4th  Trial. 

Averages. 

Remarks. 

IWe  CXXIV,) 

{TtAUCXXV.) 

May  5. 

May  6. 

24.41G 

24.833 

8.416 

7.25 

14.353 

14.352 

377.5 

377.5 

19.134 

19.134 

10.0 

10.0 

899.0 

916.0 

■ 

881.0 

904.63 

IS.O 

11.37 

11.5125 

44.95 

45.8 

45.2895 

74.471 

88.482 

89.566 

Five  poundH  more  coal  were  flunpljed  per  hour 
during  the  4th  than  during  the  2d  trial,  but 

5  IfiS 

6.165 

5.8428 

10.567 

10.335 

10  6009 

tlie  boiler  took  77  pounds  hiss  of  water  per 

3.3903 

3.3U19 

3.8588 

hour.    TJte  heating  power  in  the  4th  cxpf^ri- 

32.084 

31 . 905 

36.7982 

ment  was,  to  a  great  extent,  cx|i«^nded  on  the 

6197.0 

5618.0 

gtuies  of  tiie  chimney,  not  on  the  water  of 

64^.9 

64'=>.9 

Uie  boiler. 

717.0 

820.0 

98O.0 

114.0 

494  29 

430.3 

521  895 

7.9U8 

6.884 

8.348 

A  constant  foiling  off  in  the  evaporative  power 
of  the  boiler  is  here  observed. 

1.3098 

1.139 

1.3822 

1.427 

1.1869 

6.9228 

6.0842 

6.7126 

6.637 

4.863 

5.8615 

The  coal  was  8up|[)lied  during  the  period  a.sBumed 

9.0281 

10.272 

9.3404 

for  steady  acuon  more  rapidly  tliun  it  was 
burned. 

e^.9A 

64^.64 

_ 

_ 

_ 

The  dew  point  apparatus  hod  not  been  prepared 

3340. 25 

4050.79 

362^51 

at  the  dote  or  tlicse  experiments. 

326M9 

3410.79 

302^.54 

There  is  a  constant  increase  in  the  temperature 

227^.375 

227°. 5 

of  the  gases  arriving  at  the  cliiinney,  due, 

60'>.0 

62^.0 

no  doubt,  to  the  enormous  coat  of  soot  that 

30.251 

30.234 

rapidly  occumuhiicd  on  all  the  hcatrabsorbing 

8.8303 

8.806 

surfaces. 

0.176 

0.178 

0. 1446 

0.1509 

0  145 

The  chimney  was  41  feet  high,  and  the  draught 
defective;  hence  the  slowness  of  ilie  combus- 

2710.37 

34P.15 

297''.9.'>5 

tion. 

96\fil5 

114^.29 

74^811 

6.9217 

6.0752 

6.7126 

7  9102 

6.0429 

7.6755 

355  56 

317.98 

347.445 

8.8448 

7.7431 

8  5685 

The  last  experiment  had  the  disadvantage  of 

1.4U49 

1.4151 

1.416 

being  performed  with  flues  coated  through- 

5.9806 

6.1307 

6  1443 

out  with  a  thick  mass  of  soot. 

Open. 
tJ.     6 

OiHjn. 
IT.      12 

The  opening  of  the  aipi>latf  sdid  not  produce  any 
salutary  effect  on  the  efficiency  of  this  cool. 
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No.  6. 

Bituminous  coal  from  the  Chesterfield  Mining  Company^  Chederfield 

county y  Va, 

The  following  statement  accompanied  this  sample: 

«  Washiotton,  June  2»,  1842. 

^^GentlExMex:  On  the  24th  instant,  I  forwarded  to  the  navy-yard  at 
Washington  five  hogsheads  of  bituminous  coal,  for  the  purposes  stated  in 
the  advertisement. 

<^  I  have  the  honor  to  inform  you  that  this  coal  has  been  mined  withia 
the  last  month,  and  is  from  the  pits  of  the  Chesterfield  Mining  Company, 
situate  in  Chesterfield  county,  within  twelve  miles  of  Richmond,  (Ta.,) 
and  formerly  known  as  the  "  Black  Heath  pit?,"  and  which  have  been 
lately  purchased  by  English  capitalists;  whose  general  agent  and  manager 
I  am. 

"  The  coal  could  be  delivered  anywhere  in  the  United  States. 

<^  I  have  the  honor  to  be,  gentlemen,  with  great  respect,  your  obedient 
humble  servant, 

R.  I.  D.  GIFPORD. 

"  To  the  Hon.  the  Board  op  Navy  Commissioners, 

"  VVashinston?^ 


fry 


In  external  characters,  this  coal  is  much  nearer  to  the  Midlothian  than 
to  the  Clover  Hill  coal,  last  described.  It  was  received  generally  in 
lumps  of  considerable  size,  which  will,  in  part,  account  for  its  lowness  in 
weight  per  cubic  foot.  Efflorescent  sulphate  of  iron  is  of  frequent  occur- 
rencc  ;  and  carbonate  and  sulpljate  of  lime  are  also  observable  at  the  part- 
ings. Conchoidal  fractures  and  a  resinous  lustre  arc  conspicuous  along 
the  horizontal  partings.  The  coal  appears  to  have  been  mined  with  a  de- 
gree of  care  not  always  found  in  samples  from  the  same  coal  region.  Few 
or  no  fragments  of  slate  were  noticed.  It  was  observed  to  give  but  lililc 
waste  coal,  or  coke,  passing  through  the  grate,  and  to  produce  a  long 
dense  flame  witliout  decrepitation.  The  powder  is  of  a  dark  clove-brown 
color,  and  its  streak  on  white  earthenware  is  nearly  of  the  same  lint. 

The  specific  gravity  of  one  specimen  («)  was  1.2938,  and  that  of  another 
(6)  1.2S31),  giving  the  calculated  weight  per  cubic  foot  80.565  pounds. 

By  43  trials  in  the  charge-box,  the  average  weight  per  cubic  foot  was 
found  to  be  45.549  pounds,  or  0.5653  of  ihecalculated  weight — the  maxi- 
mum being  54.375,  and  the  mininnnu  40.  From  this  average,  the  space 
required  per  ton  is  49.178  cubic  feet. 

The  moisture  in  specimen  a  was  1.094  per  cent.;  in  specimen  6,  1.197. 
Twenty-eight  pounds  in  the  steam-drying  apparatus  lost,  in  two  days,  0.531 
pound,  or  1.896  per  cent. 

The  sulphur  in  a  was  1.957  per  cent. ;  that  in  b  not  ascertained. 

The  volatile  matter  in  a,  other  than  moisture  and  sulphur,  was  31.739; 
that  in  />,  other  than  moisture,  but  including  sulphur,  27.353. 

The  ashes  of  a,  by  a  mean  of  four  incinerations,  were  4.72  percent. ;  their 
color,  when  hot,  a  dark  blackish  gray ;  when  cold,  reddish  gray.  Those  of 
&,  by  the  same  number  of  incinerations,  6.13  per  cent.;  grayish  while 
when  hot,  becoming  salmon  color  on  cooling. 

The  /bllowing,  therefore,  exVv*\b\ls  \Vv^  e.Q\\\\voaitioa  of  these  two  speci- 
mensy  viz: 


Qeo.  No.,  ^m^  879 

Specimen  a,  Spedmen  6. 

Moutura 1.094  1.197 

Bolphnr              .....        1.957  (not  tried.) 

Other  ^obiile  OMOIer       ....     31.739  27353 

Aehee     ' 4.730  6.190 

Fizedeuriion C0.490  tt.3i» 

100.  log 

Yol^tUe  to  4zed  eomboMible    -  -  1 : 1.795  1 :  2.3953 

^  compare  the  aboye  results  with  that  derived  from  the  furnace,  which 
ibits  the  practical  determination  of  the  waste  matter  of  the  coal,  it 
r  be  stated  that  in  burning  3,876  pounds  of  this  coal,  there  were  ob- 
,ed  185.S  pounds  of  ashes,  including  1.644  lb.  of  ashes  of  wood,  and 
)  their  weight  per  cubic  foot  was  47.29  lbs.  They  lost  by  rcincinera- 
[  18.744  per  cent.,  and  became  of  a  light  oohrey-rea  color.  The  clink- 
which  weighed  166.7&  pounds,  was  of  moderate  density,  weighed 
i2  pounds  per  cubic  foot;  having  a  brown  color  on  the  fused  surfaces, 

black  witnin ;  its  masses  large,  evidently  prone  to  spread  out  into 
sts,  with  some  ligh^colored  patches  difibsed  through  it  The  clinker 
lad  in  weight  nearly  one  per  cent  by  calcination,  leaving  a  dark-brown 
ine.  The  soot  collected  (26.25  lbs«)  weighed  22.7  pounds  per  cubic 
Band  lost  28.67  per  cent  by  incineration,  leaving  a  reddish  gray  ash. 
[ence,  after  the  above  deductions,  and  subtracting  the  ashes  ot  wood, 
have  left  334.666  pounds,  or  8.6343  per  cent,  of  absolute  waste. 
"he  total  volatile  matter,  including  moisture,  in  two  specimens  tried  by 
King,  was  33.25  and  ^.70^  which,  with  the  two  above  presented,  af- 

A  mean  of  32.672.  From  this,  deducting  the  moisture  (1.896)  ob- 
B(|  in  the  large  apparatus,  the  remainder  (30.676)  may  be  assumed  as 
avisrage  of  volatile  combustible.  Hence,  m  100  parts  of  the  raw  coal, 
bayepf— 

Bfoutare     .•-.-•.-  1.896 

-'    Tohlile  combustible 30.670 

Eanny  matter        - -  8.634 

UiiToletilixable  carbon        ......  58.794 

100. 
EVoro  the  above,  the  TolatUe  is  to  the  fixed  combustible  as    -    1 : 1.9166 

L  trial  of  20  grains  of  specimen  a,  by  the  oxide  of  lead,  resulted  in 
lacing  615.68  grains,  or  26.784  times  its  weight  of  metallic  lead ;  and 
I,  after  deducting  moisture  and  ashes,  is  27.376  of  lead  to  1  of  com- 
tible  matter.  Sixty  pounds  were  found  in  the  chain-shop  sufficient  to 
»  9  links  of  l|-inch  chain. 

Sba^ame  is  laige,  and  the  fire  very  hot  No  deleterious  effect  was 
Inced  on  the  iron.  At  the  anchor-shop,  when  an  e(][ual  quantity  was 
1,  it  produced  a  good  hollow  fire,  yielded  but  little  cinder,  and  gave  a 
I  welding  heat,  without  injuring  the  iron.  Its  proportion  of  volatile 
ler  is  such  as  to  adapt  it  to  the  purpose  of  manuracturing  illuminating 
The  long  and  brilliant  flame  which  it  produces  renders  the  fire  of  a 
e  exceedingly  cheerful. 

Then  thrown  into  the  furnace  already  in  brisk  action,  it  produces  aU 
t  instantly  a  copious  flame,  and  yields  a  good  coherent  coke,  of  which 
little  passes  through  the  grate. 

lie  average  time  required  to  bring  the  boiler  to  stead v  action  was  1 
rand  10  minutes,  (1.160  hour,)  and  the  average  weight  of  coke  left 
10.469  lbs. 

he  manufacture  of  iron  from  the  ore  could  nort  be  advanta^usly  car- 
OD  with  this  coal,  without  the  preliminary  process  of  ookui^« 
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TABLE  CXZVIL— CH£8T£!U'I£U> 
Ptrtt  Iriil    Hffii  I  Jmftr  13 
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73 
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79 
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350 
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73 

m 
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S3 

^9 
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- 
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0.255 
O.UO 
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0.60 
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6U) 
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1456 

ILii 

fi.30 

75 

G5 
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7TI 

dSb 
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0.47 
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»M 
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73 
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-M 
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29, 9i 
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0.50 
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M 
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79 
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0.45 
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^1 
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0.42 
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B6 
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'U 
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0.50 
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92 
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73 

S31 

39.93 
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0.42 
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3.  RIB 

McuQih  lo  rraeb  ehlnne*  i»a]  ai  9*.  SOn.  >.  m.  smuke 
1}  Kcoad*  lu  reach  lup of  chimDrj ; ayiihun 0.44 ;  ai  M, 

M.l 

las 

SOn.  a.  m.  smuke  1V.5  seconds  in  reachinechimiity  lop ; 

11.00 

si  9A.  40n.  a.  m.  i-mnke  13  seconds  In  reaching  cbiinney 
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Filled  (ink  atU-IOM.  p.  Di. 
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«3.0 

3» 
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Placed  aa  Iba.  onkla  coal  in  drritig  appanioa. 

- 

57.1 

946 

91 

4.»6 

OooteDts  of  ash  pit  Ihrawa  on  grale;  dinpers«t  lo6ioch« ; 
water  1  inch  aboTe  uormaJ  leTcl. 

- 

&3.6 

134 

-^1 
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Water  In  boiler  adj'usled ;  clinker  ihh  morning  Tormiag  hd 
ftlmusi  enlita  cidfI  over  ihe  back  pan  ol  Us  grate. 
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" 
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Psriod  of  ■Wadj' action  rrom  8*.  9(la.L  m.  loU.  10m.  p.B,  =  n.SO».:  coal  lorfM} 
OfjrrUe,  658  lbs.;  misr  lo  bolUr,  5,686  Ibf.;  knee,  wucr  10  I  of  cM,  for  tUi  ^n^l 
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S3.e 
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ComnieDred  ftringi  no  Qre  in  aoull  fonwce;  wind  NB., 

lishi. 
Wood  coDsnmtd,  IS8|  lbs.;  coifaniended  charging  wUh 

cm);  JWua  «  equilibrium. 
Stem  blo«  off  «7A.I0«t. 
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63.7 
6S.4 
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Si.3 
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0.91: 

0'87^ 

?:S 

9.03) 
1.604 

8leftm  all  thrown  out  at  back  valre,  b;  donbte  weighiing 
ihcftoni. 

Smoke  seA  Kconds  In  t^cbiag  ehhoitj  loft;  ayphon  0.S4; 

wind  8W. 
Bmoke  94.S  lecoods  in  reaching  ehimae*  ton;  srpbon  0.34. 

Ai  llA.9bm.  smoke  93  seeoodii  irphuD  0.S3. 

At  II*.  tSm.  <:ommeneed  dtawlng  eueu  drew  In  13  min- 
uiM  100  cubic  inches,  which  gare  038  graia  of  waier. 

Smoke  93  aecmida  in  leaching  cbUine;  top. 

Drew,  at  41.  lOm.,  th  IC  minuhs,  IflO  cnbic  inches  of 
gases,  which  gare  0.49  griia  ol  water. 
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COMPANY'S  COAL. 

;  tteam  timen  out  at  back  vaht. 


Commenced  fifing;  wind  NB.;  clond)^  floes  iwepi  bttan 

iheexperimept. 
Wuod  coasomed,  IIO|  lbs.;  cammcnced  chtrgiag  wlib 

coal;  M«iiD  ai  cquilibrlnm. 
Air  plaie.i  opened  41  ik.  37k>  *•  m ;  damper  «ei  at  6  iocbet. 
Sieam  e»capei  free);  al  tk.  &Im.  \.  m. 

Wind  SW.,  brisk;  cloudy. 

Smoke  30  seeonde  ia  reachinB  ehimney  to;^  trind  S.;  con- 
siderable TtUames  of  smulie  at  chimnev  top  al  char- 
glng,  which  coDiiaDeK,  bni  graduallr  oecTeafiup,  Tor 
abuui  ISminaies;  hot  lilile  tmokednrtoKtheinterTBb 
ol  siokiDK  or  charging;  wind  at  9k.  30m.  a.  n.  S3W. 

Wind  S.:  clear. 

CoalindrviDeapparBtiui>elghiSIlbs.7|(ii.Bl  M.SOa. 
a.  m.,  Jane  9ih. 

Smoke  3 ^  aecooda  In  reaching  chimney  lop  al  meridian. 

Drew  al  U.  tta.  n.  m.  100  nbic  Incbei  of  gaies  ii 


3.86  crai 
molie  iB  m 


probablr  not  exactly  closed.  Drewai  U.30N. 
p.  m.  lOU  cable  inehet  of  (Mwii,  vblcb  ga*«  •>!«  1.03 
grain,  carbonic  acid  4.11  grain*;  noimokc  from  chim- 
ney. Al  U.  son.  p.  m.,  nonlcnt*  of  ash  pll  Unon  on 
graie,  aDd  air  platet  cloaed;  «  31.  SO*,  p.  m.,  damper 
set  at  3  Inches. 
Water  is  boiler  adjoKed. 
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IMO  COMPANY'S  COJU- 

Uc*  ^fMMy  <bMi  UrMon  Mo  eUmney, 


ten 


Si 


REMARKS.— amie  surface  14.07  sqnite  fecit  tcngh  of 
circuit  of  h«aied  cases  131  leel:  height  of  chimDcV 
63  feet. 


CorameDced'fifiDK:  «ind  SW,,  brislt-,  clear. 

Wood  coQSunied  130.75  IIm.;  commenced  chargiag  wllb 

cokI;  air  plaiee  opened. 
Removed  secKod  weigbi  from  wfeir-Talrei  Kleam  blows 


At  9A.  ^n.  molu  1S.5  seco&dt  in  naclunK  ehimner  lopi 

syphon  0.38. 
At  9A.  SOn.  imoke  SO  Kcond»  in  reaching  ehimner  lop ) 

sypholt  0.37. 
At  9A.  &7m.  coramencei)  drawing  guea;  drew  in  8A.  &m. 

IM  Gobic  inchea,  which  gave  water  O.M  grain;  ctr- 

bociie  acid  4;31>  gimins:  dew  point  al  lOi.  40ai.  a.  la, 

76».5, 
Pilled  lank  at  IIjI.  30n.;  commenced  drawing  gases  ■( 

lliL  33n. ;  drew  in  15  minutes 80  cubic  iochet,  (smolte 

flawioR  all  the  lime,)  which  gare  1.03  grain  water, 

and4.&  grains  carbonic  acid. 
Drew  gas  again  rrooi  U.  3n.  id  U.  I4«t.^  11  mioalea; 

drew  100  cubic  inches,  (no  smoke  from  chimner,) 

vhlcb  gare  waier0.9e  grain ;  caitioaicacid  133  graiu, 

and  oirgen  14.41  cubic  inches. 
Pilled  UmhalSt.  %n.  p.  m.i  conienlsof  ubpil  thrown 

on  grate,  and  air  plates  doacd. 


Water  in  boiler  adjosied. 
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38 
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Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours        .  -  « 

Area  of  grate,  in  sauare  feet        .  -  .  • 

Area  of  heated  suriace  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weieht  of  coal  supplied  to  mte,  in  pounds 
Pounds  of  coal  actually  consumra  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  cool     ^  ' 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  dinker,  firms  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of^  water  supplied  at  the  end  of  experiment,  to 
restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  end  of 

experiment,  in  pounds  -  .  .  . 

Pounas  of  water  evaporated  perhoQr,duriiigsteady  action 
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No.  7. 
BUuminous  coal  of  average  size^  sent  by  the  MUUoikian  Choi  CbnyaJHf,  Vie* 

This  sample,  together  with  one  in  the  state  of  lumps^b  refened  to  in  the 
following  letter : 

"  Richmond,  June  23, 1848. 

<<  Sir  :  Above  I  hand  you  a  bill  of  lading  for  ten  hogsheads  Midlothian 
coal — ^five  being  screen^  coal,  and  five  average  coal— designed  tot  trial 
for  the  steam  service.  The  average  coal  is  about  8  per  cent  neavier,  and 
about  16  per  cent  cheaper,  tlian  the  screened  coal ;  and  consequently  it  is 
df  importance  to  the  government  if  this  description  of  coal  shall  be  ftnnd 
suitable  for  the  naval  steam  service,  particularly  as  luiy  quantity  of  that 
kind  of  coal  can  always  be  obtained. 

<<  The  Midlothian  mines  lie  about  thirteen  miles  west  of  Muchester, 
are  connected  with  tide- water  just  below  Manchester  by  a  railrosd^  where 
the  coal  is  shipped  in  vessels  carrjring  less  and  up  to  TjAtO  bushels.  This 
coal  has  been  extracted  from  the  mines  during  the  present  year,  and  can 
be  shipped  at  any  of  our  cities  on  the  Atlantic  coast,  or  points  where 
schooners  can  navigate  on  the  Mississippi  and  the  Gulf  of  Mexico. 

Host  respectfully,  yours, 

"A.  S.  WOOLDRIDGE, 
^^  President  of  the  Midlothian  Coal  Mining  Cbmpaiiy. 
"Commodore  Kennon, 

^^  Commandant  of  the  fiavy  yard  J  Washington  ci/yy 

This  sample  exhibits  the  main  partings  inclined  to  the  surfiices  of  de- 
position in  an  angle  of  about  80^  or  81^.  The  planes  of  both  the  main 
and  cross  partings  are  marked  with  scales  of  carbonate  of  lime. 

In  the  course  of  eighteen  months,  specimens  not  exposed  to  any  other 
moisture  than  that  in  the  atmosphere  of  a  dry  apartment,  have  become 
almost  entirely  disintegrated  by  the  efflorescence  of  the  sulphuret  iuto 
sulphate  of  iron.  This  circumstance  abundantly  indicates  one  of  the  im- 
purities of  the  coal,  and  points  to  its  probably  becoming  heated  if  exposed  in 
large  quantities  to  the  influences  of  the  air  for  any  very  protracted  period. 

The  coal  produces  on  a  white  ground  a  brown  streak,  and  its  powder 
is  also  brown. 

The  specific  gravity  of  two  specimens  (a  and  6)  was  found  to  be  respec- 
tively 1.3006  and  1.2882,  from  which  the  calculated  weight  of  one  cubic 
foot  is  80.895  pounds. 

The  weighing  and  measuring  of  forty-two  charges,  of  which  the  least 
contained  46.25,  and  the  greatest  58.125  pounds  per  cubic  foot,  result^  in 
establishing  the  average  of  the  whole  at  54.044  pounds,  which  is  0.668  of 
the  above  calculated  weight.  The  space  for  stowing  one  ton  is  41.44lS 
cubic  feet. 

The  analyses  of  the  two  specimens  above  referred  to  afforded  the  fol- 
lowing results,  viz : 

Specimen  a.  Specineai 

Moistare 0.997  0.765 

Salphar  -•-.-.    (not  examined.)  Oj067 

Other  volatile  maiter     ....      31X93  SOSl? 
Earthy  maiter    .....       4.goo  4.375 

Fixed  carbon     .....      63.110  64J6e6 

100,  ToS 


Volatile  to  fixed  combastiYAt         -  .V.^<!fifif\  V.VOi 
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The  volatile  matter,  including  moisture,  in  two  specimens  examined  by 
Dr.  King,  was  found  to  be  33.251  per  cent. ;  which,  combined  with  the 
ibove,  give  the  mean  for  four  specimens  of  32.251  per  cent,  of  products 
irolatilizabie  at  redness. 

The  moisture  expelled  by  drying  28  pounds  for  two  days  was  11  ounces, 
or  2.455  per  cent 

The  combustion  of  4506.39  pounds  of  this  coal  yielded — 
278.39  pounds  of  ashes,  weighing  53.8  pounds  per  cubic  foot. 
402  pounds  of  clinker,         "  37.50'  "  " 

28  pounds  of  soot,  "  19.06  «  " 

The  ashes  lost  by  reincineration  10.09,  the  clinker  0.968,  and  the  soot 
36.66  per  cent  Making  these  reductions,  and  subtracting  the  ashes  of 
irood  consumed  in  raising  steam,  (2.36  pounds,)  the  remainder  is  664.105 
pounds,  or  14.737  per  cent  of  the  coal  actually  consumed. 

The  clinker  rs  dark  brown,  or  black,  with  portions  of  lighter  colored 
ihaly  matter  disseminated  through  it  The  masses  are  large  and  porous. 
Phis  circumstance,  together  with  the  minute  subdivision  in  which  the 
sample  was  found,  caused  much  clogc^ing  of  the  grate ;  demanded  fre- 
quent use  of  the  slice  bar  to  keep  it  moderately  free ;  and  required  the  con- 
tents of  the  ash-pit  to  be  several  times  returned  to  the  grate,  to  prevent  the 
loss  of  much  small  coke  and  coal. 

When  completely  calcined,  the  clinker  becomes  reddish  brown,  or  dark 
red  gray.  After  reincineration,  the  ashes  are  of  a  deeper  red  than  the 
clinker ;  and  the  residue  of  the  soot  is  of  a  dull  brick-red  tint,  while  the 
ashes  from  analysis  are  of  a  blackish  gray  color. 

The  experiments  on  the  entire  sample  may  be  represented  as  giving  the 
Allowing  composition  of  this  coal : 

Moisture          -_--.---  2455 

Other  volatile  matter  -.-.---  29.796 

Earthy  matter  .-------  14.737 

Fixed  carbon 53.012 

aoo. 

Hence  the  volatile  to  the  fixed  combustible  is   1 : 1.78. 

With  oxide  of  lead,  the  reductive  power  of  specimen  b  was  found  to  be 
27.344,  which,  after  deducting  earthy  matter  and  moisture,  gives  for  1  of 
combustible  matter  29.027. 

The  action  of  this  sample  in  smith  work  was  proved  only  in  the  anchor- 
shop,  where  it  was  used  in  heating  large  bars  about  3  inches  square.  It 
worked  well,  forming  a  good  hollow  fire,  produced  a  light  coke,  and  gave 
a  large  amount  of  cinder. 

In  an  office  grate  it  exhibited,  when  thrown  on  a  mass  of  ignited  coke, 
an  immediate  development  of  brilliant  flame ;  and  thoDgh,  by  the  nmid 
absorption  of  caloric  by  the  gas  and  vapors  prodacf^  ••^  ••••tnf  the  nie 
was  necessarily  in  some  degree  checked,  the  fls*  ease, 

as  often  happens,  while  the  vapors  of  wa*^  "^ff. 

When  undergoing  the  partial  fusion  whicl^  'f 

gas  and  vapor,  it  sends  out  {et»  of  whilst 
together  with  the  amount  of  its  gaseoDf 
the  purposes  of  producing  illuminativ 

The  average  length  of  time  reqain 
tion  was  1.516  hour;  and  the  we' 
WBSy  on  an  average  of  five  trialS|  t 
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c'(»al:  Meam  blows  utli 
Upper  damper  at  1*2  inches. 


Smoke  *J I  seconds  in  reaohing  chimney  top  at  OA.  i?5...; 
syplion  0.21. 

Sm.'K'e  21  seconds  in  reachinjj  chimncv  lop;  svphon 

0.-21. 
Smoke  *21   second-s  in  reaching  chimney  top:   .syphon 

Sm«»kf  '20  ."O'.onds  iu  reacliing  cliimney   li»p;  syphon 

0  -25. 
Smoke  19  second<  in  reaching  chiniDcy  top;   syphon 

0.21. 
Smoke  at  Oh.  '15m.  21  .<(econd<  in  reaching  ctiimney  top; 

syphon  0.22. 


'2.(i2'2  Conients  of  ash  pit  thrown  on  q^rate,  and  damper  reduced 
i        to  G  inches. 


Water  in  boiler  adjusted. 


RESIDUA. 


lind  bridge, 
ood  ashes.  • 


Pounds. 
.  74.00 
.  58.25 
.     1.60 

133.85 
.    0.51 


ste  from  coal.. • 133.34 

9.37 


)••■••• 


38.00 


26 
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TABLE  CXXXVIL— DEDUCTIONS  PROM  TABLES 

ExperimadiM 


i> 
3 
4 
5 


I 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
^1 
22 

23 

24 

25 

2G 
27 

28 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 

42 
43 

44 
45 
46 

47 


Nature  of  the  data  furnished  by  the  respective  tableii 


/ 


Totiil  duration  of  the  experiment^  in  hours 
Duration  of  steady  action,  in  hours         ... 
Area  of  grnte,  in  square  feet        -  -  -  - 

Area  of  heated  nurtace  of  boiler,  in  square  feet  - 
Area  of  l>oiler  exposed  1o  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  Hupplied  to  gnite 
Total  weight  of  coal  supphed  to  grate,  in  pounds 
Pounds  of  eoa]  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.        -  « 

Total  pounds  of  water  tmpplicd  to  the  lx)ilcr 
Mcmi  temperature  of  water,  in  degrees  Folirenheit 
PoundN  of  water  supplied  at  the  end  of  experiment^  to 

restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment,  in  pounds       .  ..  .  - 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  * 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation         .  -  .  - 

Pounds  of  water  |)er  i>([uurc  foot,  by  a  mean  of  several 

observations    ----.- 
Water  evap«»ralcd  by  1  of  coal,  from  initial  temp,  (o) 

final  result       ---.-- 
Writer  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

duriiif;  steady  action    -  -  -  -  - 

Pounds  of  fuel  evaponitiiig  one  cubic  foot  of  M'atcr 
Mean  temperature  of  air  entering  below  ashpit,  during 

j^lcndy  pressure  -  -  -  .  . 

Mean  temp,  of  wet  bulb  thermom.,  durinir  steady  pressure 
Me.ui  tenipenilure  r»f  air,  on  iurriving  at  the  grate 
Mriui  temperature  of  guj^e.",  when  nrrivin^at  ihe  chimney 
Mean  t4.iii])ciature  of  stnun  in  the  boiler 
Mean  tcin|>erature  of  attach#fd  thennometcr 
Mean  heii^ht  of  barometer,  in  inches       -  -  . 

.Mean  numlx>r  of  vohimeN  of  air  in  manometer  - 
Mean  heijj^ht  of  mercury  in  manometer,  in  atmospheres 
Mean  lieighl  of  water  in  syphon  draught-OTuge,  in  inches 
Metui  temperature  of  dew  point,  by  calculation  - 
Mean  p»in  of  temperature  by  the  air,  Iicforc  reaching  grnte 
Mean  diirercnre  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  r^al,  from  212^,  corrected  for  temperature 

of  water  in  cistern       -  -  .  -  - 

Pcmnds  of  >\-atcr,  from  21 2^^,  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  the  funince  bridge 
Inches  opening  of  damper,  (U.  upper,  L.  lower) 


l«t  Trial. 


(7U.  CXXXIL)lTk.  eXXXUL) 


SU  Trial. 


Mag  fa. 

94.167 
8.000 
IS.  1875 
377.6 
16.237 
8.0 
665.5 
859.63 
5.97 
54.093 
67.25 
5.517 
14  738 
8.3722 
56.174 
6307.0 
680.1 

857.0 

116.0 

492.5 
7.88 

1.304 

1.240 

7.199 

7  323 

H  («S18 


75'^. 

63^. 

26P. 

250 -. 

22iP. 

73'>. 

29. 

8. 

0. 

0. 

57^. 

186^. 

310. 

7. 


18 

82 

21 

37 

58 

0 

814 

955 

UU 

202 

49 

03 

26 

1849 


8.1893 
442.99 

9  603 
1  4065 
6.004 

Open. 

U.      6 


I 


\ 


33.667 
6.563 
13. 1875 
377.5 
16  237 
8.0 
854.5 
851.138 
3.372 

53.405 

80.01 
6.563 
14.16 
8.4S64 
59.460 
6480.0 
7*>.5 

6990 


.0 

5tt3.57     • 
8.057   i 


1.334   f 


1.329 

7.516 

6.2a3 
8.3156 


I 


78-^. 

63'. 
257^. 
3211'. 
230  \ 

76-. 
29. 

0. 
0. 

550. 

179«>. 

93='. 

7. 


06 

62 

41 

65 

«>5 

0 

919 

173 

2275 

19 

35 

58 

4953 


8.5668 
454.30 

9.91 

1.4353 

6.4296 

Open. 

U.    13 
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XXII,  CXXXIIt,  CXXXIV,  CXXXV,  CXXXVI. 
Uotkm  (average)  naL 
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Id  Trial. 

4ch  Tritt]. 

5ih  Trinl. 

AveragTB. 

Rcmiirka. 

cxxxir.) 

(7W.  cxxxr.) 

(Tt.  CXXXVI.) 

M«,a5. 

M«i36. 

JVap3T. 

34.333 

34.417 

S4.0t<17 

e.uu 

6.0<l 

4.50 

13.1875 

15-4375 

15.4375 

387. 0 

387.0 

377.5 

16.337 

80.568 

aO  568 

10.0 

8.0 

8.0 

1073. 5 

fit)6.0 

86(1.25 

1070  67 

B7S.13 

850.88 

3.63 

l('.87 

9,37 

6  449 

33.675 

5.S.373 

53.765 

•54.0624 

83.73 

01.7:1 

119.61 

90.268 

7.Gua 

5.S43 

7.748 

6.6702 

14. SIS 

14.7,W 

15.671 

14  82T 

10.2486 

8.4013 

fl.6663 

d>309 

69.1C« 

57.555 

55, 3*0 

59.5356 

Vaas.u 

6500.0 

G30a.O 

71».0 

73M 

76°. 3 

a».9 

340.0 

933  0 

34.0 

45.0 

123-0 

650.0 

747.5 

7M>,Q 

630.714 

10.4 

11.96 

13.16 

10.0314 

a.&38 

a.  604 

2.013 

3.0I8S 

9.ei9 

3.604 

3.034 

7.27C 

7.3762 

7.261 

7.3256 

7.010 

8.147 

a.  750 

7.4366 

3.7034 

a. 4732 

8.6076 

8.7653 

Ti'-ae 

TT^-.SO 

77''.15 

£^.56 

64°. 64 

66'. 08 

^Sd^-SI 

244^.5 

323'. 7 

347' -736 

448°. 09 

m^.m 

390°. 0 

289'. 007 

The  fM  ewaped  inio  ihe  chim- 

811°. 14 

S30°.64 

33f-.S3 

neynt  320'-6»hcncoml...!^ 

69°.  0 

75'.  0 

75^.0 

(ion  wu  oxrHed  on  h^  tlic 

39.365 

39.981 

29.310 

upper  damper,  and  at  446*' 

8.740 

8.724 

6,411 

when  (hrcH^h  the  lower ;  llle 

D.is4e 

0.1865 

0.3166 

ur-plB(c  bring  o}xn,  in  boiJi 

0.S034 

o.ao 

0.2371 

0-314 

460.74 

57'. 64 

60=. 48 

161°. 55 

167°.  0 

145».55 

1710.896 

ns°.04 

3190.0 

70'. 37 

65". 07 

The3dBDd4U>  trialaanoniit- 

1.3583 

7.3395 

7.3383 

7.3033 

(ed  in  thiM  average. 

8.9S19 

8.3364 

e.  1919 

8.2953 

4«.» 

4B1.63 

440.44 

448.456 

9.68G8 

9.7791 

9.7246 

9.7407 

'niplanwrdtmipeTbcin^dmwn, 

1.4466 

1.4666 

1.4334 

1.436 

nnd  (he  fases  allowed  W  «»- 

fi.«34S 

6.8916 

6.3533 

6.4406 

cape  Bt  448°,  the  evaporative 
eflW.l  i<  diminiBhed  2.3  per 

£^-.. 

CloKd. 

Closed. 

L.      13 

U.      J9 

«nl.,  aa  perreived  <m  wm^ 

- 
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Remarks  on  the  preceding  table  of  deductions*  • 

TIio  third  and  fourth  trials  were  made  witli  the  lower  damper  open  12 
inches ;  and  the  former  with  air  plate  open,  the  latter  with  it  shut     With 
the  former  arrangement,  the  gases  reached  the  chimney  at  an  average  tem- 
perature of  44b°,  and  with  the  latter  at  439<^.    The  higher  temperature  was 
accompiuiied  by  a  range  of  the  syphon  gauge  slightly  superior  to  whai 
prevailed  during  the  trial  with  lower  temperature.     The  pound  of  com- 
l)ustible  matter  produced  more  steam  with  the  closed  than  with  the  open 
air  plate  ;  and  the  evaporation  with  the  closed  plate  also  exceeded  that  with 
it  open,  in  the  projx)riion  of  11.90  to  10.4,  as  proved  in  line  21. 

For  the  whole  time  of  burning  this  coal  the  chimney  was  but  41  feet 
in  height,  and  the  comparison  of  its  average  rate  of  evaporating  ought 
to  be  made  with  that  of  other  coals  burned  under  similar  circumstances. 
The  average  of  the  five  trials  is  10.09  cubic  feet  per  hour;  that  of  Kart- 
haiis  was  12.48 ;  that  of  Cambria  county,  Pennsylvania,  12.46.  Both  the 
latter  coals  were  in  the  average  State  as  to  size  of  lumps.  It  appears  that 
tliQ  total  waste  of  this  average  Midlothian  coal,  in  ashes  and  clinker  from 
the  grate,  was  14.827  per  cent.  By  table  CXVl,  it  appears  that  the  Mid- 
lothian coal  from  the  900  feet  shaft  left,  on  an  average,  10.702  per  cent  of 
similar  waste.  In  a  subsequent  table,  (CXLVII,)  it  will  appear  that  the 
i;croenod  coal  from  the  same  company's  mine,  called  newshajt^  left  10.258; 
and  bv  table  CLIll,  the  Midlothian  ^^  screefted"^  coal  will  he  seen  to  have 
alForded  10.34  |Kir  cent,  of  waste.  All  these  latter  samples  appear  to  have 
been  mined  with  care,  or  at  least  properly  separated  from  slate  and  dirt; 
and  their  very  near  conformity  with  each  other  indicates  that  a  reh'ance 
(■Til  be  placed  on  this  coal,  when  thus  mined  and  prepared  for  market,  to 
lilford  about  89.5  per  cent  of  its  weight  in  combustible  matter.  This  coa\ 
was  found  to  pavSj;  in  considerable  quantities  through  the  grate,  requirijjg 
iiiuoh  attention  to  avoid  excessive  waste.  < 

Whore  it  is  stated  in  the  tables  of  experiments  that  the  contents  of  the 
ash  I'll  wL^ra  t/irowff  outhe  ^mie^  (as  generally  happens  near  the  foot  of  the 
column  of  "  remark,-')  it  isnot  to  be  understood  that  all  which  had  passed 
the  grate  during  the  day  had  remained  in  the  ash  pit  till  that  time ;  on  the 
contrary,  the  cont«'nls  of  the  ash  pit  were  frequently  returned  to  the  grate 
tlirouofliout  tlie  day.  The  operation  generally  noted  was  thai  which 
niarkfid  the  final  disposition  ol  the  fuel  lor  the  closing  of  the  experiiuent. 

This  mode  of  disposing  of  the  contents  of  the  ash  pit  makes  the  results 
in  regard  boih  to  evaporative  power,  and  to  proportion  of  ira^/e,  coDsidera- 
bly  more  favorable  to  every  sample  than  they  could  be  expected  to  appear 


liability  to  loss  from  this  cause  may  be  inferred.     In  practice 
steamers,  something  might,  no  doubt,  be  saved  by  a  judicious  application 
of  the  fallen  portions  of  fuel,  which  I  believe  are  now  generally  condemned 
to  go  overboard  with  the  cinders.     It  has  been  stated  that  insteDces  have 
occurred  in  which  nearly  50  per  cent,  as  much  weight  of  matter  was  thrown 
out  fiom  the  ash  pit  as  had  been  taken  on  board  in  the  state  of  coal.    If 
any  approach  to  such  a  result  were  really  obtained,  it  argues  either  the  use 
of  a  coal  far  inferior  to  any  which  has  come  under  notice  in  these  experi- 
ments, or  an  exceedingly  injudicious  and  w^asteful  mode  of  implying  it 
Jnsfiiiices  will  be  found,  \u  d\ffe\et\i  ^atts  of  this  series  of  trials,  m  which 
tJie  liability  of  bituminous  coaVs  \o  fe\\  VcvXo i^\i^ ^V^\\\^^>^^\Sx\a  Uabililj' 
to  waste  beyond  what  is  dwe  lo  \\\e  ft\v^x  \wxVa  ^l^Jaa  ^^. 


Doc.  No-  276.  405 

No.  a 

Bituminous  coal  from  the  Tippecanoe  pits^  near  Petersburg^  Va. 

The  fullowing  letter  accompanied  this  sample : 

"  PKTERRnuncj, ///wc  17,  ISlo. 

*•  Sirb:  Herewith  we  enclose  your  bill  of  lading  for  six  hogsheads  hitii- 
niinous  cnal  from  the  Tippecanoe  pits,  and  certificate;  which,  if  defi- 
cient in  form,  or  otherwise  objectionable,  you  will  please  let  us  know,  that 
we  may  remedy  the  deficiency. 

"  The  coal  sent  was  taken  from  the  pits  this  month,  and  can  be  deliverod 
either  in  Boston,  New  York,  Baltimore,  Norfolk,  or  Charleston;  thougli 
Norfolk  would  be  the  most  convenient  point  of  delivery. 
"  Respectfully,  your  obedient  servants, 

"J.  C.  &  J.  D.  OSBORNE  &  CO., 

"  Agentp  Tippecanoe  Coal  Compuny,^^ 

In  many  respects,  this  sample  resembles  that  from  the  Clover  Hiil  mines, 
wliich  has  already  been  described.  It  parts,  however,  more  readily  along 
the  surfaces  of  deposition,  being  evidently  aided  by  the  great  q\iantlty  of 
efflorescent  sulphate  of  iron,  which  shows  itself  in  those  seams.  The  in- 
clinations of  the  main  partings  to  those  surfaces,  in  several  specimens, 
were  measured,  and  found  to  be  63  and  97  degrees.  Specimens  kept  dry 
for  IS  months  arc  already  disintegrating.  Yellow  sulphuret  of  iron  is 
abundantly  distributed  over  some  surfaces  of  recent  fractures.  When  ro- 
ceired,  and  wlien  placed  on  the  grate,  this  sample  was  almost  wholly  in 
lumps  of  considerable  size;  one  or  two  charges.only  of  fine  C(»al  wti'?  ta- 
ken firom  each  hogshead.  Tfiis  will,  in  part,  explain  the  differem'e  be- 
tween its  weight  pur  cubic  foot,  as  ascertained  by  actual  weiirhing.  aii<l 
that  of  several  samplers  of  "average'-  coal  from  the  Virginia  coal  district. 

The  powder  of  this  coal  is  of  licarly  as  light  a  brown  as  that  of  c.iuncl 
coal,  and  approaches  that  of  asphalt.     Its  streak  is  also  brown. 

The  specific  gravity  of  one  specimen  {a)  was  1.2.35 ;  that  of  another  (/,) 
1.4223.  The  former  giving  for  the  weight  of  a  cubic  (l^ot  79.37,  and  the 
latter  88.91  pounds;  of  which  the  mean  is  84.14.  This  very  considera- 
ble diflference  in  specific  gravity  was  doubtless  due  to  the  much  greater 
quantity  of  earthy  matter  in  b  than  in  a  ;  but  the  mean  weight  per  cubic 
£x>t  may  probably  not  differ  far  from  the  actual  mean  weight  of  solid  coal 
io  the  mine,  since  the  average  amount  of  earthy  matter,  determined  in  the 
furnace  operations,  is  not  far  from  the  mean  amount  of  the  two  specimens. 

By  an  average  of  fifty-five  trials  in  the  charge-box,  the  weight  per  cubic 
fcot  (mostly  in  the  state  of  lumps)  was  found  to  be  45.1  pounds,  or  0.53ti 
of  the  above  calculated  weight.  This  shows  that  49.668  cubic  feet  of 
space  will  be  required  to  stow  one  ton.  The  greatest  difference  between 
any  two  charges  was  found  during  the  first  day^s  trial ;  in  which,  the  least 
weight  per  cubic  foot  was  41,  and  the  greatest  62.75  pounds. 

The  moisture  in  specimen  a  was  1.235  per  cent.,  and  that  in  b  1.305. 
The  drying  of  28  pounds  in  the  steaming  apparatus  for  four  days  occa- 
doued  a  loss  of  1.841  per  cent. 

The  sulphur  found  in  a  was  0.3775  per  cent.  The  volatile  matter,  other 
than  moistuse  and  sulphur,  in  a,  was,  by  slow  cokings  29.%  18  \  ^^^  M 
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rapid  coking,  33.378  per  cent.  By  a  mean  of  two  trials  on  6,  it  gave,  be- 
sides moisture,  32.39  per  cent,  of  volatile  matter. 

Four  incinerations  of  a  yielded  an  average  of  2.92  per  cent,  and  eight 
of  b  gave  14.804  per  cent,  of  ashes. 

Tliese  two  specimens  may,  therefore,  be  stated  to  consist  of  the  follow- 
ing proximate  ingredients,  viz : 

Specimen  a.  Specimen  b. 

Moisture        ....  1.235  1.395 

Sulphur        -            -            -            -  0.377  (not  tried) 

Volatile  combustible,  by  rapid  coking  33.378  32.390 

Earthy  matter            -            -            -  2.920  14.804 

Fixed  carbon             -            -            -  62.090  51.411 


100.  100. 


Volatile  to  fixed  combustible  -    1 : 1.860  1 : 1.586 

Two  specimens  examined  by  Dr  King  gave  the  mean  amount  of  Tola- 
tile  matter,  including  moisture,  37.625  per  cent. ;  and  this,  combined  with 
the  mean  of  the  two  above  presented,  viz :  34.387,  gives  as  the  average  of 
four  specimens  36.006. 

During  the  experiments  on  evaporation,  there  were  cousumedi  at  five 
trials,  4904.75  pounds  of  coal;  and  this  afforded  ofasAesy  including  those 
of  wood,  279.1 25  pounds,  weighing  67.44  pounds  per  cubic  fool ;  of  clink- 
er, 200.5  pounds,  weighing  43.37  pounds  per  cubic  foot;  and  44  pounds 
of  soot,  weighing  only  6.54  pounds  per  cubic  foot. 

The  ashes  lost  by  reincineration  8.48,  the  clinker  3.915,  and  the  soot 
64.71  per  cent,  of  weight.  By  reducing  the  above  numbers  in  these  pro- 
portions, we  have — 

or  absolutely  incombustible  matter  in  the  ashes  -      255.45  pounds. 

clinker  -      192.65      " 

soot  -  -        15.51      " 


46361      '-' 
From  which  deduct  ashes  of  12/16.25  lbs.  of  wood    =     3.826      " 


And  we  have  of  incombustible  matter  of  the  coa/ alone    459.784  pounds. 

Which  is  9.374  per  cent,  of  t4ie  coal  consumed. 

Hence  it  appears  that  the  mean  proportion  of  earthy  matter  of  the  two 

specimens  above  analyzed,  viz  :  — -iii?!^  =  8.862  per  cent,  is  0.512 

less  than  the  average  of  that  of  the  whole  sample. 

From  these  determinations  on  the  large  scale,  we  have  the  composition 
of  the  coal  as  follows: 

Moisture,  by  drying  28  pounds  -  -      1.841  per  cent. 

Other  volatile  matter,  mean  from  4  specimens    34.165      *' 
Earthy  matter,  from  4904.75  pounds  -  -      9.374      " 

Fixed  carbon,  computed  by  difference  -    54.620      " 

100. 


The  volatile  is  to  the  fixed  combustible  as     - 1 : 1.6987 


TIm  clmker  •/  ihw  coal  ib,  in  all  respects,  similar  to  that  of  the  Clover 
11  sample.  By  reference  to  a  tabular  comparison  of  residua,  in  a  subse- 
Mlpart  of^.this  report,  (table  CXC,)  it  will  be  seen  that  while  the  last- 
intioned  coal  gave  3.86  per  cent,  of  its  weight  in  clinker,  the  Tippecaqpe 
fe  4.03 — a  difference  which  may  easily  have  arisen  from  differences  ih 
a  rates  of  combustion,  which  in  the  latter  was  108  pounds,  and  in  the 
ADor  only  90  pounds  per  hour.  The  gauge  which  indicated  the  draught 
fhe  chimney  will  be  seen,  on  inspecting  Uie  table  of  deductions,  to  have 
^ked  a  difference  corresponding  to  this  difference  of  rates;  and  the  in- 
Mty  pi!  ignition,  being  in  some  degree  proportioi^ta  to  the  rate  of  com- 
iption,  wUI  account  £>r  a  la^er  amount  of  clinker  in  one  case  than  in 
iMhpr.  .  The  final  resiilae  of  the  clinker,  after  calcinatiou,  is  of  a  bright 
i  color;  that  from  reincinerating  the  ashes  is  slightly  lighter ;  that  from 
iii  soot  still  a  shade  lighter;  and  the  ashes  from  analysis  vary  from  an 
faiejr-yellow  to  a  bright  red. 

Treated  with  oxide  of  lead,  20  grains  of  that  aboFe-descqbed  specimen 
I  yielded  559.16  grains,  or  27,958  times  its  weight  of  metallic  lead ;  and 
Mf  after  deducting  moisture  add  earthy  matteri  is  29.17  to  1  of  com- 

Ifle  matter  of  the  specimen. 

h  soot  contained  13.904  per  cent  of  volatile  matteri  and  50.84  of  fixed 

b. 

tte  smith's  fire  this  coal  vf.BB  fonnd  well  suited  for  the  small  work  in 

-at  the  time  it  was  tried.    It  produced  but  a  moderate  quantit/of 
.  The  cojce  becomes  very  hard,  which  was  judged  to  fiivor  the 
6h  and  continuance  of  a  large  hollow  fire.    It  heats  wall,  without 
lorantly  injuring  the  iron. 

pi  the  chain-shop,  where  it  was  used  in  making  the  links  of  a  small 
lia;  the  workman  complained  that  the  welding  was  sometimes  interfered 

6  by  the  sulphur  of  the  coal.  The  coke  ap^ared  ngt  inclined  to  ag- 
nate stropgly ;  but  in  that  case,  as  a  hollow  fire  was  not  required,  no 
qmpt  was  made  to  produce  one.  The  hardness  of  the  coke  was  rather 
jecuoViaUe  than  otherwise. 

ui  an^c^ce  grate,  it  was  fimnd  to  give  a  brisk|  highly  luminous  flamOi 
iapobliog  that  of  the  Midlothian  coiu. 

For  the  manufacture  of  illuminating  ^,  it  is  perhaps  equal  to  any  other 
■rifiia  coal.  The  amount  of  its  volatile  ingredients  is  greater  thaa  that 
fnova  Scotia  coals.  Its  distillation  will,  no  doubt,  sive  rise  to  aoonsid- 
ifUy  quantity  of  ammoniacal  liquor,  and  probably  of  carbonic  acid,  from 
ly  earthy  carbonates  distributed  through  the  seams.  Sulphuretted  hy- 
bg^b  will  also  be  found  amone  its  gaseous  products. 
Vf  could  not  be  employed  in  the  smelting  of  iron  from  the  ore,  without 
ivious  coking. 

^.the  furnace  of  the  steam-boiler,  it  was  observed  to  ignite  promptly, 

m  fteelv,  with  a  large  dense  red  fiame,  and  to  agglutinate  while  coking, 

ia  to  allow  but  a  moderate  quantity  to  pass  through  the  srate. 

Vlkeikyange  time  required  by  this  coal  to  bring  the  boiler  into  steady 

■  nras  1.333  hour ;  and  the  weieht  of  coke  left  unburnt,  after  the  fire 

iMDM  extinct,  was  11.25  pounds.    In  this  last  circumstance,  it  cor- 

vv  Dearly  with  the  Creek  Company's  coal,  the  Clover  Hill,  and 

iU  Mining  Company's  samples. 
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'ABLES  CXXXVm,  CXXXIX,  CXL.  CXLI,  CXLII. 
Pyi^tecaHoe  coal. 


3d  Trial. 

4th  Trial. 

5Ui  Trial. 

ArtmgtB. 

Remarks. 

{TMe  CXL.) 

(TA.CXLL) 

(TiAU  CXLU.) 

JVoylS. 

Jtf(iyl3. 

JV-00.14. 

24.66 

25.5 

10.25 

8.5 

8.0 

3.066 

14.113 

14.113 

14.07 

377.5 

377.5 

377.5 

18.79 

18.79 

16.75 

13.0 

11.0 

8.1 

1177.75 

992.25 

745.5 

1165.48 

985.02 

738.0 

12.27 

7.23 

7.5 

11.25 

45.298 

45.102 

45.987 

45.058 

107.147 

91.375 

154.762 

108.951 

7. 592 

6.474 

10.999 

7.3694 

8.674 

10.039 

9.5195 

9.7233 

3.934 

5.0232 

3.7602 

4.0339 

45.351 

50.036 

39.50 

41.490 

7755.0 

7320.0 

5317.0 

610.9 

640.2 

40O.7 

• 

1975.0 

1685.0 

0.0 

- 

The  fifth  trial  needed  no  wmler 
to  be  added  to  restore  level  at 

236.0 

231.0 

0.0 

the  end  of  the  experiment, 

601.176 

590.0 

1056.859 

663.587 

which  waa  begun  and  con- 

9.618 

9.44 

16.937 

10.6224 

cluded  on  the  same  day. 

1.5925 

1.562 

2.799 

1.7575 

# 

1.524 

1.546 

2.795 

• 

6.4514 

7.1968 

7.2046 

6.7395 

5.61 

6.457 

6.829 

6.0305 

• 

9.6878 

8.6844 

6.6745 

9.3609 

690.71 

720.67 

460.14 

• 

— 

480.36 

3460.79 

— 

I860. 72 

3250.25 

326°. 0 

3280.47 

3040.55 

3020.15 

2300.21 

230O.0 

2290.91 

67O.0 

70=^.0 

420.73 

30.031 

29.959 

30.321 

■ 

8.82 

8.856 

4.896 

- 

The  fifth  trial,  it  will  be  ob- 
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0.174 

0  569 

served,  waa  made  at  a  time 

0.1833 
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0.3966 

0.2312 

when  the  bulk  of  mr  in  the 

_ 

270.79 

manometer  had  undergone  the 

277<>.08 

^ 

140° .58 

266^.66 

last  diminution  to  which  h 

950.79 

980.47 

74^64 

72°. 11 

waa  subjected  during  ilie  ex- 
periments. 

6.4514 

7.1968 

7.2046 

6.7429 

7.391 

8.2309 

8.4085 

7.7485 

In  its  variableness  of  efficiency 
at  the  di^rent  trials,  as  well 

334.79 

371.23 

391.78 

350.23 

as  in  many  other  circumstan- 

ces, this  coal  bears  a  striking 
resemblance  to  that  of  Clover 

■ 

Hill. 
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No.  9. 

Bituminous  screened  coal  from  the  mines  of  the  Midlothian  Coml  Com- 

pam/s  ^'  new  shaft^'  Virginia. 

For  information  relative  to  the  origin  of  this  coal,  I  relied  on  the  mark- 
ings of  the  casks  which  contained  it,  and  which  purported  that  it  came 
from  a  ^'  new  shafl^^  in  the  company's  works,  from  70U  to  800  feet  deep. 
It  was  received  and  used  in  the  lump  form,  which  it  retained  with  consia- 
erabie  force.  Its  fresh  fractures  present  a  shinin^black  resinous,  scarcely 
conchoidal  aspect,  with  distinct  lines  of  the  laminae  of  depositioD.  It  is 
mostly  free  from  incrustations  of  earthy  matter,  but  occasionally  presents 
some  shaly  or  pyritous  portions. 

The  powder  is  of  a  light  brown,  indicating  a  pretty  high  degnsiof  bi- 
tuminousness  ;  and  its  streak  is  nearly  of  the  same  Color. 

The  specific  gravity  of  two  specimens  (a  and  b)  was  found  to  be 
1.3495  and  1.3006,  respectively ;  the  mean  of  which  affords  by  calcula- 
tion the  weight  of  1  cubic  foot  of  the  coal  in  the  solid  state =88.43 
pounds. 

By  thirty-one  trials  in  the  chOTge-box,  the  mean  weight  per  enfaie  tool 
was  asc^tained  to  be  47.899  pounds — the  lowest  result  being  ^.76,  and 
the  highest  64125.  Hence  the  actual  is  to  the  calculated  weignt  as 
0.5811  to  1. 

The  space  required  for  the  stowage  of  1  gross  ton  is  46.769  cubic  feet 

In  the  analysis  of  specimen  a,  the  moisture  was  found  to  be  0.74  per 
cent.,  and  that  of  b  0.914  per  cent  In  the  steam-drying  apparatus,  2S 
pounds  lost  in  three  days  only  3  ounces,  or  0.6696  per  cent 

The  sulphur  in  6  was  2.282  per  cent  J 

Of  volatile  matter,  other  than  moisture,  a  had  34.72,  and  b  31.556  per 
cent 

The  coking  took  place  with  the  emission  of  a  beautiful  bright  flanie. 
This  indicated  a  large  proportion  of  defiant  gas,  and  the  absence  of  car- 
bonic acid,  or  other  incombustible  gaseous  matter.  Two  specimens  tried 
by  Doctor  King  gave  a  mean  of  35.75  per  cent  of  volatile  matter,  iu- 
eluding  moisture. 

The  incineration  of  a  produced  9.549,  and  that  of  b  5.48  per  cent  of 
the  raw  coal.  Hence  the  composition  of  the  two  may  be  thus  repre- 
sented : 

Moisture 

Sulphur 

Volatile  combustible  - 

Earthy  matter 

Fixed  carbon 


&>eciiiiMiA 

Btoacnenk 

0.740 

0.914 

(not  tried.) 

2.282 

34720 

29.274 

9.649 

5.480 

64991 

62.050 

100. 

100. 

Volatile  to  fixed  combustible         -  1 : 1.684  1 : 1.966 

The  quantity  of  coal  burned  during  the  three  trials  of  enq^iatife 
e£kct  was  2918.5  pounds. 


V. 
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The  waste  matter  withdrawn  consisted  of— 

Ashes,  including  1.932  pound  of  wood  ashes         -    175.25  pounds. 

Clinker 126.25      " 

Soot  -.--..      14.00      " 

The  a^A^'tf  lost  by  reincineration    -  -  -      16.18  per  cent. 

The  clinker  .....        0.00      « 

The  aoo^     ....  .  .      56.75      " 

Reducing  the  ashes  and  soot  in  these  proportions,  and  deducting  the 
wood  ashes,  we  have  left  277.4  — 1.932  =  276*. 473  pounds  of  absolutely 
incombustible  matter,  or  9.44  per  cent  of  the  coal  consumed.  The  trials 
in  the  large  way  show  this  coal  to  consist  of-— 

Moisture,  from  28  pounds             ....  0.6696 

Other  volatile  matter,  from  four  specimens            -           -  33.4904 

Earthy  residuum,  from  2918.5  pounds      -            -  9.4400 

Fixed  carbon,  by  difference         ....  56.4000 

100. 

~  -^ 


The  volatile  is,  therefore,  to  the  fixed  combustible  as  1 :  1.684. 

The  weight  per  cubic  foot  of  the 

Ashes,  was  ......    56.65  pounds. 

Clinker 30.12      « 

Soot 5.46      " 

.  The  clinker  is  brown  on  the  outside ;  but  on  the  fractured  surfaces 
Uack,  very  compact,  and  heavy ;  in  sheets  of  considerable  extent,  mani- 
festly very  fusible,  and  tending  to  adhere  to  the  grate.  The  highly  fer- 
niginons  character  which  it  presents,  is  in  accordance  with  the  large 
amount  of  sulphur  which  was  detected  in  one  of  the  specimens  above 
analvzed. 

Tne  shaly  portions  embraced  in  the  vitrified  clinker  are  nearly  obscured 
by  the  fusible  coating  which  encloses  them. 

A  portion  of  the  specimen  b,  above  analyzed,  was  subjected  to  treat- 
ment with  the  oxide  of  copper :  4.57  grains  were  thoroughly  dried  ;  and 
the  result  of  their  treatment,  with  all  the  precautions  required  by  the  ex- 
periment, was  of  tra/^2.23,  and  carbonic  acid  14.82  grains. 

The  earthy  matter  of  the  raw  coal  having  been  determined,  as  also 
the  moisture,  by  previous  experiments  already  detailed,  it  is  easy  to  cal- 
culate the  weight  of  earthy  matter  in  4.57  grains  of  efrted  coal  to  he 
0.89874  grain,  which  leaves  of  combustible  matter  4.31726  grains;  the 
hyflmgen,  by  analysis,  is  0.24777,  the  carbon  4.04182  grains ;  leaving  for 
<ttjgen  and  azote  only  0.02767,  or  the  relation  of  these  three  to  their 


h* 


"      P^Ui 


ilWii  =  93 6200  =  15.60  C.  in  atoms. 
f!T?M  =    5-7391  =   5.74  H.        « 


■aandasote       -    ii\i^\\=  0.6409=  0.80  O.        '' 

loa 


M  Jw 
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In  the  raw  coal,  this  analysis  enables  me  lo  ttMs  tlHil\llie  iogssdMHs 
are — 

Moisture  -  -  -  -*  -        *  -  ''    0.9t4 

Carl)on      .      -  -  -  -  .         -  .      •  -      S7.634 

Hydrogen        -  -  -  -  -  -        6-372 

Ozygei.  and  azote       -  -  -  -  -        0.60& 

Earthy  matter  .---..        6.480 

100. 


That  the  relative  amounts  of  carbon  and  hydro^  were  correctly  de- 
termined in  the  preceding  analysis,  was  rendered  highly  probable  by  the 
result  of  another  trial,  in  which  the  apparatus  became  injured  before  the 
combu^on  was  complete;  but  th')  ratio  of  the  two  producti  to  eafih 
other  was  very  nearly  the  same  as  in  thepreeeding  tnai :  Tbe  ceibon 
was  1.2736  grain,  against  hydrogen  0.U72SS  grain.^  As  the  sum  of  the 
hydrogen  and  oxygen  is  6.972  per  cent,  and  that  of  sulphur  8.888,  k  if 
inferred  that,  in  the  volatile  matter  produced  by  the  distillation  of  this  coal, 
there  will  be  found  29.274  —  6.972  =  23.302  per  cent  of  its  carbon.  If 
the  heating  power  be  calculated  from  the  above  analysis  bv  the  organic 
method,  without  taking  account  of  the  sulphur,  and  only  deductiog  of  tbe 
hydrogen  so  much  as  is  equivalent  to  tlie. oxygen  present,  we  have  the 
calorific  power  expressed  by  14,696  ;*  or  in  pounds  of  water  fiomftli^, 
for  1  of  coal,  14.171.  This  is  far  above  the  actual  result  of  experifliHit 
The  highest  evaporative  power,  even  when  allowance  was  roaae  fo  the 
heat  expended  on  the  products  of  combustion,  as  well  as  for  that  em* 
ployed  on  the  steam  of  the  boiler,  was  but  10.1915.  This  will  be  evident 
from  an  inspection  of  tbe  table  of  analyses  of  gases  from  the  chimney. 
{See  table  i;XCiV  ) 

A  trial  of  specimen  ft  by  the  oxide  of  lead  gave  25.084  times  its  weight 
in  metallic  lead.  Deducting  earthy  matter  and  nioisture,  this  gives  for  1 
of  combustible  matter  26.797. 

In  both  the  chain  and  anchor  shops,  the  action  of  this  coal  was  entirely 
satisfactory.  It  was  tried  near  the  end  of  the  season,  and  was  pronounced 
by  the  workmen  Tnow  accustomed  to  observe  carefully  the  action  of  each 
coal)  to  be  one  of  the  best,  both  for  large  and  small  fires,  which  they  had 
tried. 

The  characters  already  detailed  are  sufficient  to  indicate  its  fitness  for 
domestic  puqxtses.  It  ignites  readily,  having  required,  on  an  average, 
only  0.906  hour  to  bring  the  boiler  to  steady  action.  It  burns  with  a  long, 
dense,  deep-red  flame — agglutinating  when  first  thrown  on  the  grate  into 

*  Thus  the  carbon  is  0.87634  of  the  coal,  (considering  all  that  was  collected  in  the  potash  tube 
R8  carbonic  acid  ;)  and  this  multiplied  bv  12,906,  (Dulong^s  result  for  the  heating  power  of  car- 
bon,) we  have  11,284  for  the  computed  heating  power  of  the  carbon  in  the  ooal.  This  divided 
by  1,030  gives  the  steam  generating  nower  to  1  of  coal  =  10.955.  Deducting  \  of  0.600  (the  oxj' 
^-en)  from  5.372,  we  get  5.297;  and,  multiplying  by  62,535,  (the  heating  power  of  hydrogen,) 
we  obtain  3-312 ;  and  the  sum  of  these  is  14,596,  as  above.  By  deducting  the  moisture  (0.6696 
|>cr  cent.,)  and  the  waMe  left  in  tlie  third  trial  of  this  coal,  (10  397  per  cent.,)  we  have  the  remain- 
der 88.933  per  cent,  of  combustible  nnatter,  by  which  the  total  evaporative  effect  10.1915  mu»t 
have  been  produced.  Hence  10.1915  -r-  0.88933  :=  11.460  =  the  evaporative  power  of  tbe  unit 
of  matter  actually  burned  in  that  experiment  Again :  as  in  the  sample  analyzed,  the  emnhutiihU 
part  is  0.87634  +  0.05372 +0.00600  =  04)3606,  Uie  carbon  is  0.87634-^0  93606  =  0.9363  of  that 
(  >mbustible ;  and  0.9363  X 13906=  1208^  the  ha^ng  power  of  the  carbon  in  1  of  this  oombutti- 
He;  and,  Anally,  12063 --1030=:  11 .1^1  =i'\\aaKi|p«ra)xttv<M>«r. 
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I  nther  solid,  moderately  intumescent  mass,  requiring  some  effort  to  break 
t  up.  When  thoroughly  ignited,  it  still  retains  sufficient  size  to  prevent 
nuch  waste  through  the  grate.  The  average  weight  of  unburnt  coke 
eft  on  the  grate  after  each  trial  was  17.083  pounds. 

On  the  subject  of  the  pressures  maintained  in  the  course  of  these  ex- 
periments, I  would  remark  that  in  several  instances  it  became  necessary 
to  increase  the  ordinary  weights  on  the  safety-valves,  to  prevent  foaming, 
uid  especially  to  equalize  thb  discharge  of  steam  from  the  two.  This 
was  done  by  small  additions  placed  upon  the  pripcipal  weights,  and 
which  were  varied  from  time  to  time,  as  the  action  of  the  boiler  seemed  to 
leniand.  When  a  strong  west  or  northwest  wind  aided  the  draught,  a 
larger  portion  of  steam  was  permitted  to  escape  at  the  back  valve,  and  the 
liont  one  was  loaded.  If,  on  the  other  hand,  the  gauge  for  draught  indi- 
cated a  deficiency,  the  front  valve  was  relieved,  and  more  steam  allowed 
to  pass  into  the  chimney. 

in  regard  to  the  observations  of  temperature  of  steam  in  the  boiler,  it 
vas  found  necessary  frequently  to  attend  to  the  thermometer  inserted 
in  it,  lest,  by  the  slow  evaporation  of  mercury,  which  takes  place  at  de- 
grees below  the  boiling  point  of  that  metal,  some  portions  should  become 
lodged  in  the  upper  part  of  the  tube.  The  vapor,  being  invisible,  lodges 
for  a  time  in  so  fine  globules  on  the  interior  of  the  glas$,  as  not  to  attract 
attention.  On  reversing  the  instrument,  however,  and  gathering  all  the 
dispersed  portions,  the  total  length  of  the  column  may  sometimes  bo 
found  increased  from  1  or  2  to  4  or  6  degrees.  In  some  of  the  earlier  ex- 
perinients,  it  will  be  observed  that  the  temperature  of  steam  in  the  boiler 
ranged  as  low  as  229,  or  even  228  degrees,  while  the  average  is  from  230 
to^l  degrees.  It  will  be  seen  that,  during  the  trials  of  this  coal,  the 
temperatures  and  pressures  were  maintained  with  tolerable  uniformity 
throughout.  This  will  appear  from  table  CXLVIl.  The  first  thermome- 
ter had  a  range  rather  lower  than  that  which  was  employed  at  a  later 
feiiod  of  the  research.  ^  The  error  was  from  1^  to  2  degrees. 
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1  Total  duration  of  the  es^peiiment,  in  hours 

2  Duration  of  steady  action,  in  hours        .  .  • 

3  Area  of  mte,  in  SQuare  ftet        •  .  .  • 

4  Area  of  heated  surtaoe  of  boiler,  in  square  feet  - 

5  Areaof  boiler  exposed  to  direct  rsdiation,  in  square,  feet 

6  Number  of  chai^ges  of  coal  suj^lied  to  ^jni» 

7  Total  weight  of  coal  sup^died  to  mte,  in  pounds 

8  Pounds  of  coal  actually  oonsotned  .  .  - 

9  Pounds  of  coal  withdrawn  and  separated  loiter  trial 

10  Mean  weiefat,  in  pounds,  of  one  cubic  fbot  of  coal 

11  Pounds  of  coal  supplied  per  hour,  during  steady  aibtloo  - 
IS     Pounds  of  coal  per  square  foot  of  grate  surfece.  per  hour 

13  Total  Waste,  ashes  and  clinker,  from  100  pounds  of  coal 

14  Pounds  of  clinker  alone,  from  100  pounds  of  ooal 

15  Ratio  of  clinker  to  the  total  waste,  per  cent. 

16  Total  pounds  of  water  supplied  to  tne  boiler 

17  Mean  temperature  of  water,  in  degrees  Fahrenheit 

18  Pounds  or  water  supplied  at  the  end  of  es^ieriment,  to 

restore  level    *  •  -  -  •  • 

19  Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  •  .  .  • 

20  Pounds  of  water  emporated  per  hour,  during  steady  action 
31     Cubic  feet  of  water  per  hour,  during  steady  action 

33    Pounds  of  water  per  square  foot  of  heated  surfeoe  per 
hour,  by  one  calculation         .... 

23  Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations    ------ 

24  Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result       ------ 

25  Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action    -  -  -  -  - 

26  Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

27  Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  - 

528     Mean  temp,  of  wet  bulb  thermom. ,  during  steady  pressure 

29  Mean  temperature  of  air,  on  arriving  at  the  grate 

30  Mean  temperature  of  gases,  when  arriving  at  the  chimney 

31  Mean  temperature  of  steam  in  the  boiler 

32  Mean  temperature  of  attached  thermometer 

33  Mean  heij2:ht  of  barometer,  in  inches       -  -  - 

34  Mean  iiumlxir  of  volumes  of  air  in  manometer  - 

35  Mean  height  of  mercury  in  manometer  - 

36  Mean  height  of  water  in  syphon  draught-ffauge,  in  inches 

37  Mean  temperature  of  dew  point,  by  calculation  - 

38  Mean  gain  of  temperature  by  the  air,  before  reaching  grate 

39  Mean  difference  between  steam  and  escaping  gases 

40  Water  to  1  of  coal,  corrected  for  temperature  of  water  in 

cistern  ------ 

41  Water  \o  1  of  coal,  from  213^,  corrected  for  temperature 

of  water  in  cistern      -  -  -  -  - 

43     Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 

43  Water,  from  3lSl^,  to  1  pound  of  combustible  matter  of 

the  fuel  -----. 

44  Mean  pressure,  in  atmospheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 

46  Condiuon  of  the  air-plates,  at  the  furnace  bridge 

47  I  Incbea  opening  of  damper,  (V].  up^t")    ... 


IhTmL 
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la. 

84  667 
6.883 

14.07 
177.5 

18.76 

10.0 
999.75 
9S70 

13.75 

46.9875 
113.8 
8.088 

10.443 
4.5818 

43.871 
73960 
640.5 

535.0 

75.0 
886.5 
14.18 

3.348 

3.385 

7.897 

7  79 
7.9144 

720.07 
640.05 
2430.92 
3020.43 
2310.23 
G80.23 
30.177 
5.0284 
0.5547 
0.370 
60O.307 
1710.85 
710.6 

7.897 

9.0379 
434.a 

10.0806 
1.4485 
6.634 

8 


It 


5.561 

14.07 

sn.s 

18.75 
10.0 
946.9S 

9te.o 

14.35 
47.1185 
111.11 
%M 
9.SI5 
4.516 
46.345 
MB4J 
640.4 

3kl.P 

«.• 

954.1) 
15.13 

9.504 

3.515 

7.5483 

7.905 
8.2226 

730.71 
680.29 
3580.57 
3190.27 
3310.57 
680.43 
80.098 
5.20 
0.537 
0.3009 
660.13 
1850.86 
880.5 

7.5481 

8.63 
406.S9 

9.5816 
1.4018 
5.934 

Qosed. 
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M  Trial. 

Av™t»- 

Remarlu. 

Mt  CXLVl) 

plnnbcrl5. 

S4.083 

9.6fi7 

I*.  1)7 

377.5 

18.75 

11.0 

1083.75 

1059.5 

91.95 

17.083 

49.96 

47.B53 

WB>  eocducud  alowlr,  with  a  4-uidi  damper,  ii  iMarlT  doublo 

91.63 

108.33 

u  mueh  <u  vraa  IcA  in  cilhcr  oT  the  otbtx  ihal*. 

6.SM 

7.604 

10,397 

1D.9583 

3.1644 

4.ai37 

36  496 

49.1807 

8093.0 

69". 7 

539.0 

73.0 

693.46 

844. 3B3 

11. oa 

13.46 

1.834 

9.999 

1.817 

7.568 

7.6711 

7.SS7 

7.75 

B.95BS 

8.1318 

8S=.02 

73". 95 

287M9 

263'. 227 

297».47 

306'.. -B 

On  the  2d  irbl,  iht  -mm  iraand  inin  th«  Mmrxj  at  17»  hijhff 

931'. 66 
79>.81 

23.8.-H 

lemperalure  than  on  tha  Uu 

5.949 

0.53J1 

0.9955 

0.3991 

72^91 

a02M7 

18e='.G37 

es-'.zs 

75°. 107 

7.590S 

7.6654 

8.594 

8.7506 

433.34 

418.61 

9.5911 

9.7511 

The  open  oir-plBle  in  the  Iri  trial,  ing«iheT  *ith  (he  d«ul  nurfata 

cicney  of  ihc  fuel  aboul  5  per  utiL  more  than  was  oblajncd 
on  thfl  9d  trial,  wbed  Ow  pUw  waa  ckuod,  mimI  the  anrfSicM 
porUf  ooatcd  with  Bogt. 

1.*1W 

1.419 

6.007 

6.1885 

r. 
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Bituminous  screened  coal^fnm  the  Midlothian  CbffqMll)^«liMd^^  fb^ 

ginia. 

* 

Information  relative  to  this  sample  is  conveyed  In  the  lottpr  of  Ml 
Wooldridge,  already  copied,  in  connexion  with  the  sample  of  ownfs 
coal  from  the  same  mines. 

It  was  generally  in  lar^  lumps,  appearing  to  have  but  liltb  teodeaef 
to  disintegrate.  Its  color  is  mostly  deep  black,  but  diversified  by  sciki 
of  carbonate  of  lime,  which  incrast  the  main  and  cioss  partings. 

The  conchoidal  iiractare,  shining  or  resinons  lustre,  and  tm  dilBenl^ 
of  procuring  fractures  of  much  extent  following  the  sor&cies  of  depon- 
tion,  are  observable  in  this,  as  in  other  samples  of  Yirginia  ooaL      "' 

The  specific  gravity  of  one  specimen  (a)  was  found  |o  be  IJi^  thst 
of  another  (b)  1.9763.  The  mean  of  these  gives  the  ealcalaiiad«a|r«|ght 
per  cubic  foot  in  the  mine,  80.81  lbs.  As  the  result  of.  46  trials^  bt  «sbi- 
uring  and  weighing  in  the  charge-box,  the  least  XK^^rtit  per  cabiQtftMVai 
39.875 ;  the  greatest,  63.76 ;  and  the  average  4SLntB  lbs.,  or  ^^aiijkffR 
per  cent  of  the  weight  derived  fiom  the  sp^ific  gravity.  .        .  :  .. . 

The  space  for  stowinff  one  ton  is  48.99^  cubic  foet  Thf  mejpMs  in 
specimen  a  was  0.902,  that  in  6  0.888  ner  cent  In  the  larger  opsRilioai 
in  the  steaming  apparatus,  28  lbs.  lost  0.6  lb.  in  two  days'  dr]^ng,«i'1.78i 
per  cent 

The  sulphur  in  specimen  a  was  0.2026  per  cent  . ;/ 

The  total  volatile  matter  in  a,  by  two  trials,  wus  40.117 ;  in  6yly  SM 
trial,  33.26  per  cent 

By  the  mean  of  four  trials  on  each  of  the  specimens,  a  yielded  of  esrthy 
matter  7.37,  and  b  3.2  per  cent    Hence,  the  proximate  constitoeDis  f 
are  in —  ' 

Bpecimeno.  Bpeeiimi 

Moisture        ....  0.902  0.888 


Sulphur 

Other  volatile  matter 
Earthy  matter 
Fixed  carbon 


0.202  (not  tried.) 

39.013  32.372 

7.370  3.900 

62.613  63.640 


100.  100. 


Yolatile  to  fixed  combustible        -      1: 1.346  1: 1.9663 

In  two  specimens  examined  by  Dr.  King,  the  total  volatile  matter  wu 
found  to  be  36.876  per  cent  This  number,  combined  with  tfie  two  riiove, 
gave  for  the  average  of  volatile  matter,  including  moisture,  ^28l7i 
During  the  trials  on  evaporation,  there  were  burned  4,132  lbs.  of  this  sam- 
ple, yielding  as  waste — 

Of  ashes  .....  286.000  pounds. 

Of  clinker 142.260    <' 

Of  soot 34876    « 

The  ashes  contained  13.172  per  cent  of  combustible  matter  ipter- 
mixed;  and  the  soot,  of  vo\»&\^  tcadXXet^  \3«83l ;  fixed  carbon,  60.449; 
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and  of  ashes,  35.72  per  cent.  Reducing  the  ashes  and  soot  in  the  pro- 
portions here  indicated,  and  deducting  4.09  lbs.  of  wood  ashes,  we  ob- 
fidn  39S.93  lbs.  as  the  absolute  waste  from  the  coal  burned.  This  is  equal 
to  9.655  per  cent.   Hence,  the  proximate  constituents  of  the  sample  are — 

Moisture  (from  28  lbs.)  -  -  -  1.785  per  cent. 

Other  volatile  matter  (4  specimens)    -  -  34.497      " 

Earthy  matter  (from  4132  lbs.)  -  -  9.665 

Fixed  carbon  (calculated  by  difference)  -  64.063 

100. 


Volatile  to  fixed  combustible  1: 1.6672. 

The  clinker  is  of  a  deep  iron-gray  color,  generally  in  small  lumps,  with 
anall  shaly  portions.     It  weighs  39.37  lbs.  per  cubic  foot 

The  calcined  clinker  becomes  of  a  deep  reddish  brown ;  the  ashes,  af- 
ter reincineration,  are  of  a  <<  red  gray"  color;  the  residue  of  the  soot  is  of 
t  deeper  color  than  that  of  (he  ashes,  while  that  left  during  the  analyses 
of  the  coal  is  of  a  dirty  white  color.  The  ashes  weigh  63.40,  and  the 
soot  4.91  pounds  per  cubic  foot. 

With  oxide  of  lead,  specimen  a  gave  27.285  times  its  weight  of  metal- 
lic lead ;  or,  deducting  8.272  per  cent  fi)r  moisture  and  earthy  matter  of 
the  specimen,  the  lead  to  1  of  combustible  matter  is  29.745. 

The  trial  made  in  a  smith's  forge  proved  this  sample  to  be  superior  to 
the  average  Midlothian  coal,  then  in  use  in  the  shops.  It  gave  a  good 
hollow  fire,  with  a  moderate  amount  of  cinder,  a  long  flame,  and  a  pretty 
rapid  heat,  with  less  smoke  than  was  visible  in  the  other  fires.  It  did 
not  appear  to  affect  injuriously  the  iron  to  which  its  heat  was  applied. 

It  is  unnecessary  to  state  more  in  regard  to  the  trial  of  this  coal  in  an 
office  grate,  than  that  it  behaved  in  all  respects  like  the  other  samples  of 
coal  mmished  by  the  Midlothian  company — burning  with  long  bright 
blaze,  leaving  a  coke  moderately  durable,  and  producing  brilliant  jets  of 
highly  luminous  flame,  especially  after  the  coking  process  had  proceeded 
nearly  to  its  completion. 

The  time  required  to  bring  the  boiler  into  steady  action  was,  on  an  av- 
erage, 1.289  hour. 

The  average  quantity  of  coke  left  unbumt,  when  the  fire  became  ex- 
tinct, was  14.08  lbs. 

In  noting  its  behavior  in  the  furnace,  it  was  remarked  that  this  coal 
cokes  completely,  runnine  together  into  large  masses,  which  cohere  firmly 
dnring  the  greater  part  of  the  time  of  combustion,  giving  off  a  dense  flame 
^th  much  smoke. 

Like  nearly  all  the  other  samples  of  coal  firom  the  same  district  of 
country,  it  is  unfit  for  use  in  the  blast  furnace  for  smelting  iron,  without 
tte  preliminary  process  of  coking. 

28 
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.N  (SCREENED)  COAL. 
air  plates  open;  co/nng plate  on. 
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4  Area  of  heated  sunace  of  boiler,  in  square  feet  - 

5  Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

6  Number  of  cliorges  of  coal  supplied  to  grate 

7  Total  weight  of  coal  supplied  to  grate,  in  pounds 

8  Pounds  of  coal  actually  consumed  '  '.  ' 

9  Pounds  of  coal  withdrawn  and  separated  afler  trial 

10  Mean  weivltt,  in  pounds,  of  one  cubic  foot  of  coal 

1 1  Pounds  of  coal  supplied  per  hour,  during  steady  action 

12  Pounds  of  coal  (>er  square  foot  of  grate  surface,  per  hour 

13  Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 

14  Pounds  of  clinker  alone,  from  100  pounds  of  coal 

15  Ratio  of  clinker  to  tlie  total  waste,  per  cent. 

16  Total  pounds  of  water  supplied  to  the  boiler 

17  Mean  temperature  of  water,  in  degrees  Falirenhcit 

18  Pounds  of  water  supplied  at  the  end  of  experiment,  to  re- 

store level       ------ 

19  Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  -  -  -  - 

20  Pounds  of  water  evap.  per  hour,  during  steady  action   - 

21  Cubic  feet  of  water  per  liour,  durinc^  steady  action 

22  Pounds  of  water  per  square  fuot  of  heated  surface  per 

hour,  by  one  calculation         -  -  -  - 

23  Pounds  of  water  per  square  foot,  by  a  metui  of  several 

observations   -  -  -  -  - 

24  Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      ------ 

25  Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

26  Pounds  of  fuel  evaporating  one  cubic  fool  of  water 

27  Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  - 

28  Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 

29  Mean  temperature  of  air,  on  arriving  at  the  grate 

30  Mean  temperature  of  gases,  when  arriving  at  the  chimney 

31  Mean  temperature  of  steam  in  tlie  boiler 

32  Mean  temperature  of  attached  thermometer 

33  Mean  height  of  barometer,  in  inches      -  -  - 

34  Mean  number  of  volumes  of  air  in  manometer  - 

35  Mean  height  of  mercury  in  manometer,  in  atmospheres 

36  Mean  height  of  water  in  syphon  draught-gau^,  in  inches 

37  Mean  temperature  of  dew  point,  by  calculation 

38  Mean  eain  of  temp,  by  the  air,  before  reacliing  grate     - 

39  Mean  difference  between  steam  and  escaping  gases 

40  Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern  and. boiler   -  -  -  -  - 

41  Water  to  1  of  coal,  from  212°,  corrected  for  temperature 

of  water  in  cistern  and  boiler  -  -  - 

42  Pounds  of  water,  from  212°,  to  one  cubic  foot  of  coal   - 

43  Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel  - 

44  Mean  pressure,  in  aUnoepheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  so.  inch,  above  atmosphere 

46  Ck>ndituMi  of  the  air-piates,  at  the  furnace  bridge 

47  Inchet  openuig  of  damper,  (U.  upper)   -  -  - 


1st  Trial. 

2dTm 

(Tdb,CXLriIL) 

(TsUbCXZ 

Mag  16. 

Afa|17 

S4.082 

24.^ 

4.5 

7.5 

16.25 

16.S 

377.5 

877.5 

21.66 

Sl.< 

7.0 

10.( 

626.75 

919..' 

611.36 

899.1 

15.39 

90.4 

44.767 

45.! 

81.05 

e6.( 

4.987 

5.: 

11.2795 

10.! 

3.0097 

3.i 

26.683 

31.; 

4733.0 

7015.( 

76^.5 

73^; 

645.0 

815.C 

85.0 

lllfl 

563.30 

576.6 

9.01 

9.3 

1.492 

1.5 

1.467 

1.5 

7.619 

7.61 

6.953 

6.7 

8.2032 

8.1 

80^8 

66\4 

343^.0 

347^i 

2420.3 

288=.: 

230^.2 

23(K. 

78^.0 

64\ 

29.96 

3U. 

8.942 

b. 

O.liJo 

0 

0.1487 

u 

262=- .  2 

2S0 

19°. 125 

63 

7.691 

7.( 

8.7027 

^i. 

3^9.6 

397 

9.8092 

9 

1.4211 

1 

6.22 

6. 

Removed 

Remo^ 

U.      12 

U. 
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M  Trial. 

4tk  Trial. 

5th  Trial. 

Averages. 

Remarks. 

tybUCL.) 

{TMiCLL) 

(TabU  CLII.) 

Jir«yl9. 

Mayf^T 

November  11. 

24.95 

94.089 

25  416 

10.833 

6.167 

5.083 

11.375 

11.375 

14.07 

377.5 

377  5 

377  5 

15.156 

15.156 

18.75 

19.0 

8.0 

9  0 

1040.95 

729.95 

890.75 

1031.51 

791.34 

869.25 

8.74 

7  91 

21.50 

14.8 

43.344 

45.575 

48.9305 

45.7183 

71.587 

79.65 

119.81 

86.22 

6  013 

6387 

8  515 

62392 

9.3655 

9.5469 

10. 1983 

10.2752 

3.7615 

2  1016 

4.2519 

3.329 

40.0 

92  014 

41.693 

32.4939 

8910.0 

6120  0 

6568.0 

64<>.0 

690.9 

550.3 

795.0 

415.0 

0.0 

103.0 

580 

0.0 

561  25 

601.70 

882.375 

632  103 

8.583 

9.627 

14.118 

10.1128 

The  first  four  trials  were  made 
with  the  chimney  41,  the  fiflh 

1.421 

1.594 

2.337 

1.6742 

with  it  63  feet  high. 

1.556 

1.601 

2.351 

• 

7.8604 

8.404 

7.555 

7.8233 

7.8406 

8.281 

7.365 

7.4289 

7.9513 

7.4369 

8  2727 

8.0009 

610.79 

670.43 

67O.0 

53^.5 

550. 36 

590.86 

9480.5 

9610.9 

2280.54 

2850.648 

3960.4 

3190.73 

3190.09 

2970. 778 

9980.73 

9980.86 

2290.73 

590.0 

650.0 

610.64 

30.126 

99.94 

29.524 

8.743 

8  821 

5.007 

0.1845 

0.177 

0.557 

0.1736 

0.21 

0.385 

0.1788 

470.3 

440.9 

550. 08 

1860.71 

1930.77 

1610.54 

2160.956 

930.98 

890.3 

880.30 

700. 633 

7.8991 

8.404 

7.555 

7.8365 

9.0341 

9.6206 

8.7066 

8.9441 

391.575 

438.46 

426.01 

408.725 

9.9677 

10.636 

9.714 

9.9703 

1.4936 

1.4192 

1.4436 

1.4255 

6.9565 

6.1919 

6.5509 

6.2835 

Open. 

Open. 

in    6 

Open. 

if.    8 

■U»  DW^'Na^Ta 


Remarka  or  tk«  pneedinff  table  of  dedueluma. 


The  sample  to  which  this  table  relates  was  btirned  at  five  tnsls,of 
which  four  were  madewith  the  chimney  41  feet,  and  one  with  Jl  63  Ictt 
high.  To  proTB  the  relation  which  exists  between  the  avem^e  and  die 
aereened  coal  iirom  the  same  mines,  a  comparison  may  be  invliltited 
between  the  21st  line  of  this  table,  and  ihe  h'nc  haviug  the  same  nambt 
in  table  CXXXVII.  In  the  last  ineniioned  table,  the  2d  and  5tti  iriali  | 
are  comparable  with  the  1st  and  3d  of  the  preceding  toble.  TIi^  samn 
nUe  of  eTapoiation  by  tl^e  avtrage  coal  is  seen  tn  be  10.1U8,  that  of  lh« 
aareerted  8.796  cnbic  net lof  water  per  hour.  It  Bppnnn  from  thia,  tiiit 
the  screened  coal  was  inferior  in  activity  to  the  average. 

In  speaicing  of  the  draught  of  the  chimney,  in  a  fonner  purt  of  this 
report,  the  causes  of  the  velocihr  of  motion  of  gases  are  enumerated,  (see 
page  19.)  It  may  hers  be  addefl,  that  the  height  of  a  chimney  ie  a  dmiI 
important  element  in  computing  the  ibrce  and  velocity  of  eases  tlovirrt 
through  it,  and  of  detaminlagi'^hen  all  other  circumstances  are  equal, 
the  rate  of  combustion  in  «W  Aimace  connected  with  it.  The  tabic  ol 
deductions  now  under  eoDsiwtnaion  affords  proof  of  this  assertion.  On 
the  19th  of  May,  with  a  chimney  41  feet  high,  air-plate  open,  nnd 
damper  drawn  twelre  inches,  the  combustion  was  at  the  rate  of  6.01J 
TOunds  of  coal  per  square  foot  of  grate  per  hour.  On  the  Uth  of  Novem- 
ber, with  a  chimney  63  foet  high,  damper  drawn  but  eight  iudies, 
and  air-ptate  also  open,  Ae  oomJniBtion  was  8.515  pounds  per  square  foot 
of  grate  per  hour.  Tbsev^arstbn  from  the  boiler  on  the  19ihofM»y 
was  8.583  cubic  feel  per  hoju,  or  0.754  of  a  cubic  foot  to  one  fqtt;)ie  f<io[ 
of  grate — the  area  of  the  latter  being  then  11.375  square  feet.  Du  ilie 
11th  of  November  it  was  14.116  cubic  feet  of  water  per  hour  ffomiiw  . 
boiler ;  end  as  the  gtate  was  14.07  square  feet,  it  was  1.003  cubic  itxHii  ' 
water  to  one  square  foot  of  grate.  The  gain  in  the  combustion  oB 
square  foot  of  gitite  is  here  41  per  ceoL 


Doc.  No.  276.  447 


No.  11. 

idtothian  avercLge  coalj  taken  pramisctiOfisly  from  a  heap  procured  for 
use  in  (he  smkh-ahope  at  the  Washington  navy-yard. 

On  this  sample  of  coal,  two  imperfect  experiments  were  made  while 
iting  the  condition  and  action  of  the  apparatus.  Having  been  perform- 
i  under  considerable  disadvantages  in  respect  to  the  means  and  appli- 
ices  for  observation,  which  had  not  then  been  fully  completed,  and  with* 
It  the  necessary  assistants  to  take,  simultaneously,  the  several  classes  of 
Mes,  I  have  not  deemed  it  necessary  to  detail  the  observations.  In  all 
I  external  characters,  the  coal  was  very  similar  to  other  samples  from 
e  Midlothian  mines. 

A  quantity  of  this  sample  was  used  in  composing  the  mixtures  of  Mid- 
thian  and  Beaver  Meadow  coals,  of  which  a  detailed  account  has  already 
len  given. 

The  following  table  shows  the  composition  and  other  properties  of  this, 
I  well  as  other  Virginia  coals.  The  per  centage  of  clinker  derived  from 
le  two  trials  above  referred  to,  is  among  the  data  there  recorded.  The 
lal  waste  from  one  of  the  experiments  was  20.1  per  cent.  The  samples 
mt  for  trial  by  the  Midlothian  company  gave  for  the  highest  result,  in 
osTe,  14.83  per  cent;  and  for  the  average  of  four  samples,  11.614  per 
ent;  another  evidence  of  some  deficiency  in  preparing  coal  for  the  mar- 
:et 
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CLASS  IV. 


FOREIGN  BITUMINOUS  COALS,  AND  THOSE  OF  SIMILAR  CONSTITUTION  WEST 

OF  THE   ALLEGHENY  MOUNTAINS. — PINE   WOOD. 


SAMPLES. 

Foreign  coals. 

No.  1.  Pictou,  (purchased  in  New  York.) 

2.  Sidney. 

3.  Pictou,  (Canard's.) 

4.  Liverpool. 

5.  Newcastle. 

6.  Scotch. 

Coals  from  west  of  the  Allegheny  Mountains* 

7.  Pittsburg. 

8.  Canneiton,  (la.) 

9.  Dry  pine  wood. 


General  characters* 

In  many  respects,  this  class  of  coals  bears  a  strong  analogy  to  the  pre- 
ceding. The  ratio  of  the  fixed  to  the  volatile  combustible  matter,  is,  how- 
ever, something  less.  The  exterior  presents  often  a  resinous  lustre.  The 
surfaces  of  deposition  are  easily  developed  by  fracture.  Great  facility  of 
ignition,  and  a  high  degree  of  activity  in  the  combustion  of  their  volatile 
constituents,  are  also  general  properties  of  this  class.  Their  high  pro- 
portion of  volatile  combustible  matter  renders  these  coals,  when  nearly 
free  from  sulphur,  eminently  suitable  for  the  production  of  illuminating 
gas ;  and  the  tendency  of  their  cokes,  with  few  exceptions,  to  intumesce 
strongly,  renders  them,  in  common  with  the  preceding  class,  highly  ser- 
viceable in  forming  Ifurge  hollow  fires  for  smithing  purposes. 
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Biiumbious  coal  from  Piciou,  Nona  Scotia,  procured  from  Messrs,  Laing 
^  Randolph^  in  Nero  York,  for  comparative  experimeiUs. 

This  coal  has  a  glimmering  lustre,  or  a  dull  aspect,  according  to  the 
part  observed.  The  surfaces  of  deposition  are,  in  some  specimens,  in- 
clined in  an  angle  of  83^  to  the  main  partings ;  thin  scales  of  earthy 
matter  are  occasionally  found  in  the  joints,  or  vertical  seams ;  but,  in  gen- 
eral, little  impurity  is  observable  on  the  exterior.  Conchoidal  fractures 
are  of  unfrequent  occurrence.  The  coal  was  of  average  size,  lumps  and 
fine  being  intermixed  in  due  proportion,  to  constitute  a  merchantable  ar- 
ticle for  ordinary  use  in  smittis'  fires  and  for  domestic  purposes.  The 
powder  of  this  coal  is  of  a  dark  brown  color,  and  its  streak  ou  a  white 
earthen  ground  is  of  the  same  tint. 

The  specific  gravity  of  one  specimen  (a)  was  1.3546;  that  of  another, 
(&,)  1.2807:  from  the  mean  of  which,  the  calculated  weight  per  cubic 
foot  is  82.35  pounds. 

By  39  trials  in  the  charge-box,  the  greatest  weight  of  any  one  charge 
was  112.25  pounds,  or  56.125  lbs.  per  cubic  foot  The  least  weight  was 
97.5  lbs.  per  charge,  or  48.75  lbs.  pfer  cubic  foot;  while  the  average  of  the 
whole  was  53.548^  or  0.6502  of  the  above  calculated  weight.  The  space 
for  the  stowage  of  one  ton  of  the  coal  is  41.832  cubic  feet. 

The  moisture  in  specimen  a  was  0.97 ;  and  that  in  A,  0.935  per  cent 

The  volatile  matter,  other  than  moisture,  in  a,  wa6  27.51 ;  the  sulphur, 
0.7689  per  cent 

The  volatile  matter,  other  than  moisture,  in  6,  was  20.105. 

Four  incinerations  of  a  gave  ot  ashes  2.38;  and  the  same  number  of  6, 
2.65  per  cent 

Hence  the  composition  is  as  follows,  viz: 

Spfcimen  a.       Specimen  h. 

Moisture  -           ^            .            .            -  0  970         ,  0.935 

Sulphur    -            ...            -  0.769  (not  tried.) 

Other  volatile  matter        -            -            -  26.741          20.105 

Earthy  matter       ...            -  2.380           2.650 

Fixed  carbon        ....  69.140         76.310 


loa         100. 


The  volatile  to  fixed  combustible  -  1 :  9LiS}jgtt  .JL  iXtVU 

Two  specimens  of  this  sample  of  coal  wei#i  ( 

yielded  the  one  36,  and  the  other  33  per  otnl 
moisture.     These,  combined  with   the  •h' 
which  may  probably  be  assumed  as  a  pir 
average  yield  of  this  ingredient  .« 

By  exposure  for  four  days  in  the 
this  coal  lost  0.71875  lb.  of  moistUfB,  < 

During  the  four  trials  of  evapOM* 
burned,  and  yielded  302.4  lbs.  of  ash 
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pine  wood,)  253.475  pounds  of  clinker,  and  19.5  pounds  of  soot.    The 

ashes  lost  by  reiiicineraiion  5.907,  and  the  soot  65.42  per  cent,  of  their 

Aveight. 

Ileir'n  t!^'}  ab^^oliitely  incombustible  materials  are — 

F'rom  the  ashes        -  ...  -        2S4.540  pounds. 

"        clinker      -  .  •  -  -        253.475      »* 

"        soot  ....  -  6.743      " 


Total   ....  -        644.768      « 

Deduct  for  wood  ashes  .  -  -  -  1.227      " 


Leaves  .  -  -  .        643.531      " 


which  is  13.389  per  cent,  of  the  coal  burned. 

By  these  data  we  may  assigu  the  following  as  the  proximate  constitu- 
ents of  this  sample,  viz : 

Moisture,  (from  28  lbs.)  -            -            -            -  2.567  per  cent 

Other  volatile  matter,  (mean  of  4  specimens)     -  27.063       " 

Earthy  matter  (from  4r63.87  lbs.)          -            -  13.389 

Fixed  carbon      -----  66.981 


100. 


Volatile  to  fixed  combustible      -  •     1.:  2.1054 

The  above  result,  in  earthy  matter,  derived  from  a  sample  of  two  tons, 
exhibits  a  striking  contrast  with  the  analyses  of  single  hand  specimens. 

The  clinker  is  of  a  dark  reddish-brown  color,  in  sheets  of  considerable 
magnitude,  somewhat  porous;  small  shaly  fragments  are  interniixcMJ,  and 
sometimes  adhere  to  the  vitrified  masses.  It  weighed  43.12  pounds  jHjr 
cubic  foot,  and  gained  weight  by  calcination  equal  to  0.84  per  cent.,  leav- 
ing the  powder  of  a  light  brown,  with  its  finer  parts  bright  red. 

The  weight  of  the  ashos,  as  they  came  from  the  furnace,  was  3S..5ri  lbs. 
per  cubic  foot;  and  the  residue  of  their  reincincratjon  had  a  color  n*  orly 
flesh-red,  while  that  from  the  soot  was  reddish  gray — a  shade  lighter  than 
that  from  tlie  ashes. 

The  ashes  from  specimens  a  and  b  are  of  a  purplisli-red  color,  with 
specks  of  white. 

Tried  with  the  oxide  of  lead,  20  grains  of  specimen  a  gave  544  8  grains 
of  metallic  lead,  or  27.24  times  its  weight.  Deducting  moisture  and 
earthy  matter,  this  gives  to  one  of  combustible  matter  28.184. 

In  a  smith's  fire,  for  ordinary  work,  this  coal  afforded  a  rather  dull  com- 
bustion ;  made  a  good  hollow  fire ;  left  a  fair  coke,  not  unusually  hard ; 
produced  a  large  quantity  of  cinder,  and  gave  a  tolerably  fiiir  heat. 

In  the  chain-shop,  it  gave  a  heavy  flame ;  formed  a  coke  too  hard  to  be 
easily  broken  up,  as  the  work  requires;  was  rather  hard  and  uimianage- 
able,  and  left  a  large  proportion  of  cinder.  Sixty  pounds  made  but  1 1 
links  of  a  chain  I J  inch  in  diameter ;  while  several  other  coals,  tried  by 
the  same  workman  on  the  same  chain,  were  found  adequate  to  the  making 
of  from  13  to  20  links,  by  the  same  weight  of  coal. 

Ill  grates  for  domestic  use,  this  coal  burns  with  nearly  the  same  char- 
acters  as  are  found  in  the  Yiigiuia  coals  above  described.    In  heating  pow- 
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:  exceeded  by  several  of  that  class.  The  Clover  Hill  and  Tippe- 
jainples  are  the  only  ones  of  the  Virginia  series  which  fall  decided- 
\v  it ;  and  if  those  be  included  with  the  rest  of  the  ten  samples 
irguiia,  the  average  heating  power  is  a  little  above  that  of  the  sarn- 
w  under  consideration.  The  ten  Virginia  coals  gave  of  water 
ated  from  212P  to  1  of  coal,  8.4777,  and  the  Pictou,  8.4117. 
ignition  of  this  coal  is  easily  effected.  It  took,  on  an  average  of 
als,  only  0.937  hour,  or  66J-  minutes,  to  bring  the  boiler  to  a  state  of 
action.  In  conformity  with  this  fact  is  that  relative  to  the  unburnt 
irhich  was,  on  an  average,  only  6.689  lbs.  at  each  trial. 
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TTW 

G.I5 

91 

80 

336 

315 

fta 

230 

to 

30,07 

0.517 

5.40 

0.58 

ftlin 

Sep.   2 

5.35 

M 

74 

260 

aia 

M 

2-24 

7« 

30.11- 

0.457 

5.9r* 

0.13 

8161 

(i.l3 

Si 

T5.5 

242 

ill 

81 

SIS 

7* 

30.10 

0,395 

a.ei 

0.12 

^743 

Jj 

=  10*.;co»lwjT>lWl«!^ 
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i 

* 

11 

u 

11 

1 

REMARK9.-Graie  sarftiM  14.07  square  feet;  length  of 

If 

3-5!! 

1^^ 

■^  -  *t 

Hi 
III 

ill 

circuii  of  hMled  gases  191  fea;  hoghi  of  chimncjr  63 

& 

Q 

^ 

75.3 

130 

-19 

WindSW.,ligb1;  commenced Grinp;  lirelo.inill  fornace. 

75.0 

116 

-Hffl 

- 

coal',  coal  Ignilrs  rcadilf ;  »eam  escape*  at  7*.  ISm.  a. 

■71  la* 

iie 

68 

m.;  damper  (hea  Mt  at  4  inches. 

74.7 
74.4 

I'JO 

74 

1.589 

Tank  partly  filled  at  7*.  57m,  a.  m. 

"s?' 

alisi 

■R.i 

141 

ra 

1.8M 

7S.5 

159 

95 

1.377 

Wind  Ei  cloDdji  Ailing  lank;  waier  0.3  inch  below  nor- 
mat  level. 

W.3 

175 

79 

2.SJ1 

Filled  tank  at  9«.  45m.  a.m. 

76.3 

183 

70 

!2.50(i 

Wind  NE. 

77.4 

166 

Bi 

I.HS 

77.8 

190 

79 

1.517 

75.8 

193 

73 

1.683 

75.5 

197 

W 

1.377 

Clinker  rerooTcd  from  grale;  smoke  93.5  seconds  JD 
reacfaini;  ckiiDDej  loR  iirpboaO.84. 

75.0 

903 

S.Sfi? 

CommcDced  drawing  ga.ies  ai  OA.  SSn.  p.  tn.  from  lower 
flue;  drew  ia  41.5  minales  100  cubjc  incho,  which 
give  of  wner  1.31  graio,  carbonic  acid  5.11  grainf, 
oxygen  11,95  cDbtc  (nchex.    The  drawing  wa.s  inter- 

74.6 

197 

ei 

3.S36 

rnpied  at  1*.  13in.  p.  m.,  and  recommenced  11  4*.  51m. 

73.3 

SIO 

99 

1.669 

p.m.    A  BKtderaieTolumc  of  dark  brown  smoke  fiom 

75.9 

91S 

81 

3.437 

chimney  at  chargine  and  sioking. 
Filling  lank;  waler  0.3  inch  below  normal  level;  wind 

7S.7 

m 

97 

0.705 

BE,  light. 

77.5 

3J9 

99 

9.646 

Filled  lank  at  Z\.  Sn.  p.  m.;  wind  Mtonfr,  increasing. 

7«.9 

S37 

H9 

2.D03 

77.5 

93-J 

99 

1.S98 

77.5 

340 

3.193 

Lower  damper  open;  drawing  gases  (as  above;)  wind 

7(J.6 

91t> 

83 

1.7d7 

1.838 

SW.,  light. 

■75!  8 

241 

"'»i' 

78.9 

245 

85 

Air  plain  closed!  contennoTuh  pit  on  grale;  water  1,01 

73,5 

m 

-10 

73.5 

161 

-7 

Water  In  bpB- 

N-  beblod  bridge, 
I  behind  bridge... 
clinker 
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T^ 

«rCB.TD«E.orrr= 

1 

1 

i 

-5 

h 

1 

: 

Dale. 

Hour. 

FT 

i 

i 

a 

i 

i 

1 

^1 

11 

■5 

L 

1 

1 

1 

S 

< 

1 

1 

> 

I 

&pt.  9 

A.  m 

B.li 

ai 

73^ 

34S 

»ii 

Ai 

31S 

■w 

30.10 

0.395 

8.63 

O.IS 

6.60 

M 

u 

23i 

m 

«^ 

ft» 

■» 

30.11 

0.510 

6.17 

0.33 
0.30 

' 

^ 

7!  in 

"»a 

w" 

'wu 

'aii 

"si" 

■ffls 

TO 

M.is 

'o."m6 

h'.iti 

'■■'" 

mi 

77 

235 

3118 

.s^t 

3-Jf 

80 

so.ie 

0.6i7 

5.30 

O.-iS 

m 

H.30 

f* 

n 

ilS 

3IS 

S-J 

!t3»l 

M 

30.  li. 

O.bST 

8.» 

"6"as' 

'koi' 

9.no 

ts 

17 

HTu 

303 

M 

318 

80 

30.13 

0  SW 

S.17 

O.SB 

WK 

il.30 

86 

77 

*77 

3B0 

8i 

-238 

Si 

30.  Id 

0.540 

5.17 

0.-25 

itra 

BJ 

lO.fflJ 

81 

n 

■J8fi 

3^ 

as 

Sit 

81 

30.13 

0.540 

5.17 

0.34 

KI51 

III.M 

1*8 

n 

ae 

3\X 

in 

i^ 

«1 

30.13 

0.[i3& 

5.3t! 

0.^ 

»81 

DO 

7H 

302 

310 

Si 

3.10 

63 

30.(2 

0.&31 

5.i6 

0.81 

srBB 

iW 

u'Si) 

DO 

7a 

3W 

3i>0 

ai 

33(1 

S3 

30.10 

0.U& 

5.15 

o.se 

3U1 

u!uu 

!)l 

i« 

SI. 

aw 

ei 

ties 

B4 

30.09 

Q.MC 

5.32 

0.» 

34M 

K 

0.30 

fl& 

W.5 

3*0 

32» 

»i 

m 

66 

30.09 

0.533 

5.9* 

0.3C 

3778 

I.IK] 

!t3 

90 

31h 

as 

2311 

se 

30.  Oil 

D.bJH 

5,31 

0.39 

41'^ 

« 

1.30 

Si 

to.s 

310 

mi 

Si 

3311 

67 

30.  (W 

0.529 

5.aa 

0.23 

4161 

H.>^ 

^.IM) 

m 

w 

3X 

•JSC 

Si 

1M7 

87 

3t..08 

o.Qi: 

5.40 

0.-J3 

i&i 

2.3U 

99 

B 

34-J 

300 

m 

Si7 

d8 

30.07 

0.517 

5.40 

0.30 

51U« 

ioiTt 

'aioo' 

io6' 

h" 

■34* 

310 

«■ 

ai? 

'33' 

36:06 

"o'.iii 

i'.w 

6*26 

MJfi 

3. so 

AB 

SI 

3G0 

a8-2 

SI 

226 

68 

30.06 

0,506 

5.50 

0,20 

61111 

t>['.  :i 

M.rio 

m 

TS 

25S 

soo 

Hi 

315 

8a 

30,09 

0.410 

6,46 

O.li 

6114 

7,  III 
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1251 

£0(: 

64 

213 

63 

30.0-2 

o.aw 

6,9S 
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HEMAffKS.— Orate snrface  14.07 square  feel;  lensih  of 
nn-uil  uf  heaeJ  ga-es  IJl  Iteli  height  ul  diimney  iS 

* 

73.5 

ICI 
130 

—  7 
+5i 

M 

BO 

1.613 

Cuinmenced  firi;ic;  morning  eloujy:  wind  SW.,  lighl; 
waietCIS  incUwe  buinml  level 

• 

Tl.H 
71.1 

117 
lU 

\GA 
IKi 
lUl 

hiu 

■2(14 

21-: 

B-i) 
2i;' 

ii3 

31ii 

230 

Hi 

UpiiPt  Hamper  redni^eil  Hi  1  inchu. 
Filled  iDiikBi7A.JU«. 

i) 

3 

i 

1 
i 

i 

74.4 
74.4 

74.1 
73.8 
•H.9 

75.  HI 
75.« 

■K.9 

■Sfi.R 
Tli.l 

7d.H 
7S.4 
79. i 

64 
75 
9-2 
Hi 
fll 
SO 
7il 

61 

!"! 

(IH 
7J 

i.«ce 

■2.  ■268 
I.3H 

!;!» 

3.135 

!:^ 

I.TBS 
1.3:21 

CuBl  ID  drying apparainn  velclu  37  ibi.  5)  oz. 

Sinulce  ■.!G.5s(!conil.v  in  reaching  chimney  lopj  sypLun  O.iji. 

Siu.-kr  (ihronsh  lower  dnraper)  1-J.j  seconds  ia  rcnching 

chimney  ki|.;  svphiinaSl. 
Cuiniui-nccd  ill  Hwib^  f;anii  ihrouyli  lower  Sac  bi  DA.  43in.; 

drew  inll  ininule-  1(10  cubic  iii-hen,  which  gave  walet 

1.3d  grain,  cxrUinic  scid  6.1i3  graius. 
Filled  i«Dk  01 1*.  e™. 

WirMSW,  clear. 

78.0 

77.3 

7S.3 
73.3 

211 

171 
lli7 

S3 

i.M 

CootcDicof  ash  pfl  on  |trale;  dew  point,  by  observaiioa, 

71';bycalcmarinn,  75''.H. 
Waier  in  boiler  at  1.3  inch  ahove  normal  level. 

Waier  in  boiler  fniind  ai  1.U7  inch  below  normn!  level. 
Water  in  buitcr adjusted. 

RBSIDDA. 

P-mdt. 

km- M.flOD 

hti  bebind  bridge ; ,      Q.lM 

« .v^iVi. iiiii;.;^.  Mm 

cs behind  bridge t^Mf  ^  HP 

IkiwihmI  ashes .r-- 

■I  waste  from  coil >v«Mla 

I ■.^..Mf 

ttMA- 
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TABLE  CUZ— DEDUCTIONS  FBOM 

£xptnM€ni9  on  /tcm 


Nature  of  the  data  furnished  by  the  rc«ipective  tables. 


1 

3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

24 

25 

2G 
27 

2H 

:u 
3-2 

33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 

44 
45 
46 

47 


I 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hoars        .  .  . 

Area  of  pate,  in  square  feet        .  .  .  . 

Area  of  neated  surface  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  mte,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  re- 
store level       -  .  -  .  - 
Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  .... 

Pounds  of  water  evaporated  per  hour,  durins  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surfeoe  per 

hour,  by  one  calculation         .... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations    ----.- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  _  . 

Mean  temp,  of  wet  bulb  ihermom.,  during  steady  pressure 
Mt^tn  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  lem|)erature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmo8])heres 
Meaji  height  of  water  in  syphon  draught-^uge,  in  inches 
Mean  temperature  of  dew  {)oint,  by  calculation 
Mean  j^ain  of  temp,  by  the  air,  before  reaching  grate     - 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  cool,  corrected  for  temperature  of  water 

in  cistern        ------ 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern      ..... 
Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  the  furnace  bridge 
Inches  opening  of  dimiper,  (U.  upper)   -  .  - 


1st  TtU. 
(TVUc  CLV.) 


99.033 
6.383 
14.07 
3n.6 
18.75 
9.0 
978.50 
974.88 
3.69 
54.361 
190.77 
8.563 
13.714 
6.6911 
48.788 
7759.0 
8»>.8 

789.0 

99.0 
889.36 
14.19 

9.337 

2.347 

7.858 

7.301 
7.9537 
92^.31 

79^.08 
254-^.92 
301°. 25 
229°. 54 
84°. W8 
30.161 
5.225 
0.5342 
0.2907 
75°.  9 
162°. 61 
71°.71 

7.8258 

8.8059 
478.74 

10.9055 
1.4913 
6.9919 
Open. 
U.     8 


(TUhCLra) 


IL 


6.» 

14.07 
3n.5 
18.75 
10.0 
1071.7S 
1069.68 
9.  US 
53.0S 
119.0 
6.SK 
IIW 
6.9I» 


83M.I 

»A 

550.1 

m.% 

909.88 
11.54 

9.407 

9.397 

.7.735 

7.SS36 
8.033 
9S^.S9 

80^69 
259M25 
334°.  6 
229^5 
860.94 
30.079 
5.210 
0.5366 
0.3077 
77=>.5a5 
1660.535 
1050. 1 

7.7013 

e.OOSB 
464.38 

9.9639 
1.49BB 
6.33M 


U.     8 
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ABLES  CLV,  CLVI,  CLVII,  CLVIII. 
ml  {from  JVew  York.) 


3d  Trial. 

4th  Triul. 

Avemgca. 

Rermirks. 

TtdfU  CLVIL) 

(TahUCLVllI.) 

* 

September  1. 

September  2. 

23.95 

23.05 

10.  on 

7.0S3 

14.07 

14.07 

377.5 

377.5 

18.75 

18.75 

11.0 

9.0 

1179  5 

947.0 

llR6.(il 

•942.89 

, 

12. H9 

4.11 

5.6895 

53.614 

52.611 

53.5434 

96.0 

104.01 

110.342 

6.H87 

7.392 

7.842 

13.195 

13.642 

13.3712 

5.2321 

6.3(^)7 

6.1257 

39.H51 

46.658 

45.7916 

8743. U 

6661.0 

84^.1 

82\7 

575.0 

547.0 

72.0 

69.0 

721.9 

684.59 

799.432 

11.55 

10.953 

12.7908 

1.912 

1.813 

2.1172 

1.893 

1.794 

7.432 

7.009 

7.508 

With  damper  drawn  8  inches,  the  first  trial  gave, 
with  a  clean  surface  of  boiler  and  flues,  ana 

7.449 

6.5802 

7.231 

the  uii^plaie  open,  7.858  of  water  to  1  of 
coal ;  the  second,  with  the  same  pititc  closed, 
and  surfaces  with  one  day's  impurity  on  liic 

8.409G 

8.9171 

8.3407 

D0'.33 

89^^.8 

flues,  7.733,  or  1.6  per  cent.  less. 

79^.21 

78^.87 

282\U5 

278^.8 

263  \  724 

315^.42 

306\71 

308^702 

831O.0 

228^.6 

85^.71 

a3\o 

30.080 

30.104 

5.227 

5.217 

0.5343 

0.5323 

0.2845 

0.2443 

0.2818 

750.53 

75^7 

1910.72 

189^.0 

177''.  466 

850.33 

770.77 

840.69 

- .  !  i:ji:t'.  ':''i 

7.4009 

6.9803 

7.4771 

1 

if» 

8.3207 

7.8545 

8.4117 

» 

446.10 

413.23 

450.612 

1 

9.5^55 

9.0953 

9.7099 

In  the  fin 

1.4219 

1.4122 

1.421 

«h*^ 

G.231 

6.0876 

6.2183 

M 

Open. 

Closed. 

V.      4 

U.      4 

30 
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Remarks  on  t/ie  preceding  table  of  deduetian»» 

This  sample  of  coal  appears,  from  the,  13th  line  of  the  table^  tp.lim 
yielded  a  rather  unusual  quantity  of  clinker.  In  the^^l  and  seamd  tiiidf, 
when  the  combustion  was  at  the  mean  rate  of  120^33  pouods-piwhiMri 
the  mean  proportion  of  clinker  was  48.428  per  cent  of  the  total  wastOiOr 
it  was  6.452  per  cent  of  the  coal  burned.  In  the  third  and  ftmrtk  tiiab, 
when  the  rate  of  combustion  was  at  %  mean  of  10U.45  pounds  per  boor, 
the  mean  proportion  of  clinker  to  total  waste  wa9  43.lfif4  per  ceDt,or 
6.799  per  cent  of  the  coal  burned.  The  order,  in  the  proportioii  of 
clinker  throughout  the  four  trials,  follows  that  of  the  rate  of  combustioii. 
On  three  of  the  four  days  of  trial,  it  was  founa  necessary,  in  order  to  lui- 
tain  the  rate  of  combustion,  to  remove  portions  of  clinker  firom  the  gniB 
before  the  conclusion  of  the  experiment  The  manometer  shows  (jn 
table  CLY)  that  at  2A.  30m.  p.  m.,  and  before  the  clinker  had  been  n* 
moved,  the  column  of  mercury  was  only  0.525  atmosphere  in  heUit; 
while  at  the  commencement  of  steady  action  for  the  day,  it  had  ona 
0.549.  At  3A.  20//I.  clinker  was  removed,  and  at  3A.  30i9i.  the  adiiiM 
had  already  risen  to  0.539,  which  height  it  retained,  with  little  vaMifh^ 
for  2.5  hours.  Again :  it  will  be  observed  that,  on  the  third  triiil/(lallii 
CLYII,)  the  mercurial  column  in  the  manometer  had  fellen  fromflLfUi 
where  it  stood  at  7A.  45m.  a.  m.,  to  0.629  at  OA.  30i».  p.  m.,  at  wUeh 
hour  the  column  of  <<  remarks*^  shows  that  ^^  clinker  was  removeil  :fiM 

FBte."  At  lA.  Om.  p.  m.  the  height  of  manometer  was  again  up  tdflUML 
rom  this,  in  the  course  of  three  hours  and  a  half,  it  again  aeclinedtl 
0.629.  'I'hese  augmentations  of  pressure  are  to  be  understood  as  haviog 
taken  place  without  varying  the  weights  on  the  safety-valves,  and  meielf 
in  consequence  of  the  more  rapid  generation  of  steam,  and  of  the  increased 
quantity  seeking  exit  through  the  limited  annular  spaces  round  t!ie  valres. 
The  period  of  steady  action  on  each  of  the  first  two  trials  was  the  «me, 
viz:  6A.  20/71.  On  the  one  at  which  the  combustion  was  conducted  with 
air-plate  opeUy  (August  30,)  the  evaporation  was  14.12  cubic  feet  of 
water  per  hour;  with  the  plate  closed,  (August  31,)  the  evafxiration 
was  14  54  cubic  feet  per  hour.  It  does  not,  however,  appear  that  this 
greater  rapidity  of  evaporation  was  attended  with  a  correspondent  increase 
in  the  economy  of  fuel,  but  the  reverse;  for  at  lines  40,  41,  and  43,  the 
numbers  in  the  column  under  August  30  are  all  higher  than  the  cones- 
ponding  ones  in  the  next  column,  under  August  31.  The  amount  of  the 
difference  in  the  43d  line  (wafer  from  212°  to  \  of  combustible  moifer) 
is  0.2523.  But  it  will  be  remarked  that  the  gases  reached  the  chimney 
on  the  second  trial  at  a  considerably  higher  temperature  than  on  the  first, 
the  39th  line  showing  an  excess  of  the  escaping  gases  over  the  steam,  of 
7l°.7  on  the  first,  and  105°.l  on  the  jsecond  trial.  The  analyses  of  dry 
gases  from  the  chimney  show  that  on  the  first  trial  t^ey  were  equivalent 
m  heat-absorbing  power  to  18.833,  and  on  the  second  to  1&934  pounds 
of  air  to  the  pound  of  fuel  burned.  The  water  derived  from  tba  combus- 
tion  of  a  pound  of  fuel  on  the  first  day  appears  to  have  boesi  4>.8826 
pound,  and  on  the  second  0.3416.  The  heat  expended  on  the  dry  gasas 
required  in  the  combustion  of  oiie  pound  of  combusfibl^  matter  waa  pde- 
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date  to  produce  0.1693  pound  more  of  steam  on  the  second  day  than  on 
le  first  The  heat  employed  on  the  water  of  vombnstion  from  one  of  com- 
estible, was  equivalent  to  producing  0.0972  of  steam  more  on  the  second 
lan  on  the  first  day  of  trial.  The  sum  of  these  diflerences  is  0.2665,  or 
trifle  more  than  the  difference  in  the  evaporative  power  (0.2523)  actu- 
ly  observed  in  the  action  of  the  boiler.  Errors  of  observation  may  easily 
M^ount  for  the  excess. 


No.  2. 

'ilumtnons  coal  from  Sidney^  Nova  Scotia,  sent  Jor  trial  by  Air,  Canard^ 
aqeiUJor  the  General  Mining  Association  of  London. 

This  coal  is  of  a  slaty  structure,  cleaves  easily  parallel  to  the  surfaces  of 
^position,  revealing  large  quantities  of  carbonaceous  clod  or  mineralized 
larcoal.  The  plies  of  shining  coal  seen  on  the  surfaces  of  the  main  pari- 
igs  are  generally  very  thin.  Carbonate  of  lime  occasionally  lines  the 
ams  gf  the  partings,  but  not  in  large  amount.  The  sample  was  gener- 
ly  in  lumps.  It  shows  no  great  degree  of  friability,  but,  on  the  contrary, 
quires  considerable  force  to  break  it.  Needle  shaped  crystals  of  sul- 
late  of  iron  are  sometimes  found  in  considerable  quantities  coating  the 
C6S  of  the  coal.  When  reduced  to  powder,  this  coal  has  a  dark  brown 
»lor,  and  the  streak  it  leaves  on  white  porcelain  is  of  the  same  shade. 
The  specific  gravity  of  one  specimen  {u)  was  1.3473,  that  of  another  (6) 
3298 ;  the  mean  giving  the  calculated  weight  83.66  pounds  per  cubic 

OL 

By  an  average  of  seventeen  trials  at  the  time  of  burning  this  sample, 
,e  actual  weight  in  the  state  of  lumps  was  47.441  pounds  per  cubic  foot. 
•  0  567  of  the  calculated  weight. 

To  stow  1  ton,  47.217  cubic  feet  of  space  will  be  required. 
By  slow  coking,  specimen  a  lost  24.51  per  cent,  of  its  weight ;  and  by 
ipid  coking,  b  lost  29.36  per  cent. 

The  quantity  of  earthy  matter  in  a  was  13.88,  and  in  b  11.083  per  cent 
[ence  the  proximate  constituents  are — 

SpecimeD  a.  Specimen  6. 

Volatile  matter  -  24.61  29.360 

Fixed  carbon  -  -.'     61  «*  '  ''    '     \Jf%Bffr 

Earthy  matter  -  -.  ,  ^,^»''  *^*!^' 

!i'  r  n» 

Volatile  matter  to  fixed  combaiiBI  f-^ 


,  f*-»y 


By  exposure  in  the  drying  apfiMli 
iUoUy  28  pounds  lost  14  ounce%ii5 
•lebumed  1601.125  pouikd^  of ftWi 
dies  withdrawn  weretil JK^-thA  «l 
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.  •  'After  complete  teduction  of  carbonaceous  fartitles;  *       '■■■-: 

Theashealett    •  -  ....  .   63.906  pomidii 

The  clinker        -  -  -  -  -  -  34.630     « 

The  soot  -  -  -  -  -  -     1.939      «   . 


>»OT 


Total  .  SB^aZfi 

From  which  deduct  for  ashes  of  431.76  pounds  of  wood    1.396 


•.«.i:.4 


Leaves  87.980  pomdi 
of  absolutely  incombustible  matter  in  the  coal,  or  6.496  per  cenL  HeMS, 
admitting  the  mean  of  the  two  determinations  of  volatile  matter  aboiv 
exhibited  to  give  the  average  of  the  sample,  we  may  state  the  compositioB 
from  this  analysis  in  the  large  way  as  follows,  viz : 

Moisture  (from  28  pounds)       -  -  -  -  3.126 

Other  volatile  matter  (mean  of  two  trials)  -  -  23«810 

Earthy  matter  (from  1601.126  pounds)  -  -  6.496   '\ 

Fixed  carbon  (by  difierence)    .  .  -  «  67.670 

MM).    :: 


Volatile  to  fixed  combustible  t=  1 :  2.8379  i      :.': 

The  ashes  from  this  coal  weighed  62.42  poimds  per  cubic  ifbo|t|  ifts 
clinker  40.12,  and  the  soot  3.96  pounds;  the  last  being  amon^  the1igfil||ft 
of  soots  found  during  the  whole  series  of  trials.  The  volatile  and  ooflBh 
bustible  matter  of  the  soot  amounted  to  69.(^  per  cent 

The  clinker  is  black,  compact,  in  thin  sheets,  evidently  highly  fusiUd; 
spreading  over  and  adhering  to  the  grate  bars,  with  some  lighter  colored 
jihaly  matter  generally  encrusted  by  the  vitreous  portion..  The  fact  of  its 
adhesion  to  tlie  grate  was  noticed  during  the  combustion,  and  the  con- 
stant high  temperature  of  the  bars  evinced  that  the  iron  of  which  they 
were  composed  was  undergoing  a  species  of  combustion — possibly  by  the 
reaction  of  the  bi  sulphuret  of  iron  in  the  coal  yielding  a  portion  of  its 
sulphur  to  the  metal  of  the  bars. 

When  pulverized  and  reincinerated,  the  clinker  left  a  dark  gray  po«'- 
der,  scarcely  tinged  with  red  ;  the  ashes  produced  a  tint  of  red  more  dis- 
tinct than  the  clinker,  but  the  soot  left  a  residuum  of  the  same  color  as 
that  from  the  latter.  The  earthy  matter  from  the  two  analyses  of  haiid 
specimens  was  almost  perfectly  white. 

Specimen  ^,  above  referred  to.  gave,  when  treated  with  oxide  of  lead, 
25.007  times  its  weight  in  metallic  lead.  Deducting  11.083  per  cent  of 
the  weight  of  coal  for  earthy  matter,  and  3.125  percent,  for  moisture, 
leaves  0.85792  parts  of  combustible  by  which  to  divide  the  above  number 
of  parts  of  lead ;  this  gives  29.148  parts  of  lead  to  1  of  combustible  mat- 
ter of  the  coal.  The  only  uncertainty  in  this  result  is  in  the  proportion 
of  moisture,  which,  being  derived  from  the  trial  on  28  pounds,  may  not 
improbably  be  a  little  too  high  for  the  particular  specimen  under  analysis. 

The  quantity  of  coal  sent  in  this  sample  was  too  small  to  leave  any  por- 
tion for  trial  in  grates  and  smith  shops,  after  the  two  experiments  on 
evaporative  power  hdd  been  completed. 

By  a  comparison  of  lis  heating  power  with  that^fthb  {vededu^joid.liie 
AWowiag  samples,  (both  ot  w\\\eYi  ^oie  WASk'S^u^^K^^ 
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whili^  those "t wo  gavs^  water  evaporated  by  1  of  coal  from  2L2^,  S.4117 
ind  8.4848,  or  a  mean  of  8.4482,  this  gave  but  7.987.  The  difference  0.6612 
IS  7:82  per  eent  of  the  said  mean.  Bui  as  the  amount  of  wabte  from  Pic- 
tou  coal  was,  on  an  average,  12.7168  per  cent.,  while  in  the  Sidney  coal  it 
was  but  6.01,  these  two  numbers  bemg  respectively  deducted  from  100, 
leave  the  proportions  of  combustible  matter  producing  the  evaporation  of 
the  quantities  of  water  above  designated;  after  this  deduction,  it  will  be 
bund  that  the  heating  jwwer  of  the  combusfihle  mat/er  in  Pictou  coal  is 
represented  by  9.679,  while  that  in  the  Sidney  is  but  8.497,  and  the  dif- 
ference is  1.182,  or  12.21  per  cent,  of  the  first  number.  This  [loints  to  a 
lisliuct  character  in  the  combustible  matter  of  each  coal. 

The  steam  from  212°  to  1  cubic  foot  of  coal  by  this  sample  is  378.92 
pounds,  while  by  the  mean  of  the  two  samples  of  Pictou  coal,  it  is  434.20 ; 
or  Sidney  is  inferior  to  Pictou  by  12.74  per  cent. 

This  coal  ignites  promptly.  In  the  first  trial  it  was  in  pretty  active 
combustion  in  12  minutes  from  the  time  of  commencing  the  charge!  It 
burns  rapidly,  agglutinates  and  swells  but  slightly ;  its  coke  falls  into  small 
fragments,  which  facilitates  its  passage  through  the  grate,  and  tends  to 

Kduce  waste  unless  the  interstices  be  very  narrow.  It  burns  with  a 
{e  and  smoky  flame,  keeping,  as  already  mentioned,  the  grate  bars  at  a 
^exry-rcd  heat.  The  mean  time  required  to  bring  the  boiler  into  steady 
Ictibn  was  1.18  hour,  and  the  mean  amount  of  unburht  coke  was  5.937.'> 
foundfl.'  These  circumstances  indicate  great  facility  in  commencing  and 
nutnuing  the  combustion. 
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S:eiin  blowa  off;  aii  plares  opcnfd;  damper  set  al  6  inches 
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The  third  chirgf  of  cral  con'ainJi  one  »erjf  larse  lump. 
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gave  .ster  Ofll  trraio,  eartx^ic  acid  454  grains,  aiy- 
lien  10.355  cubic  incbet.;  filiiog  tank  al  lU.;  waier 
below  normal  lerel. 
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Pilled  tank  allU.I7«. 
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bi.fi 
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Ci.i 
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2.117 

Si.O 

Ml 

1-Jfi 

1.775 

Thi»coal  produces  only  s  moderate  qnaaiiijr  at  smoke 

from  ehiinn«y;  air  plalea  clixed,  andconienu  of  ash 
pit  thrown  on  graie. 
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Damper  reduced  to  4  inchn  ai  3*.  9n»j  Blled  lank  at 

70.9 
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1  A>ft 

Wair   in  boiirr  Irft  ■■  0.15  meh  above  nnrmal  le>el. 
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lil.3 

BIT 

-17 

Pindiug  sleam  jnu  al  efiDilibriani,  dwiUe  weighted  ibe 

HStety  v»l*eii. 
The  (tinker  ol  ih^i  e«a)  iswiid  and  hoai?'  dirurinx  it- 
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lellover,  and  adhering  lo,  ibegraie;  water  inbuiier 
adjMed. 
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A-'hex behind  bridge,. 
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Nature  of  the  dala  fliraiilud  by  the  retpeMJw  UtbUa. 


]Bt  Trial. 
{TabU  CLX.) 


UTiU. 


Ana  of  boiler  sxpoaad  to  direci  radiation, 
Nnmbtr  tJ  ehaipa  of  coal  aupplied  (o  ^nie 
Total  vei^t  of  ooal  n^pliad  to  gnte,  in  poujida 
niand*  of  cool  tetaoDy  eoaauintd  -  .  . 

Fonndi  of  «aal  withdnwn  itM)  Kporated  afler  Uial 
Mean  veicht,  in  potliida,  of  one  cubit  foot  of  coo) 
Pounda  of  cool  anirptinj  per  hoar,  during  ateady  actiea  • 
Pounda  of  coal  niv  agoani  feot  of  gnitc  suHkce,  per  hour 
Total  waate,  aa&M  aM  elinkar,  from  100  pounda  of  coal 
Pouada  of  dinkar  alone,  fFOm  100  pounda  of  coal 
Ratio  of  clinker  to  the  total  wane,  per  cen  . 
Toud  pounda  of  wnler  supplied  to  tlie  boiler 
Mean  temperature  of  water,  in  degrcca  Fahrenheit 
Found*  nf  water  aupplied  at  the  end  of  experimeiil,  lo 

reatore  level    .----• 
DiMluniaii  for  leinperatare  of  water  aupplied  at  dM  end 

of  ezperimem,  in  pmiuda      -  -  •        '  - 

Pounds  of  water  evaponiiad  per  honr,  duri^ateady  adian 
Cubic  feet  of  water  per  hour,  during  aMdj  aotion 
Poundi  of  water  per  aqnare  fbottff  heated  aorboe  fier 

hour,  by  one  ^culalion         ^  .  .  - 

Pounda  of  water  per  aquure  fool,  by  a  mean  of  aevend 

obtervntiona   --.--. 
Water  evapotaled  by  1  of  coaJ,  fl^in  initial  temp,  (a) 

fijia]  result       ------ 

Water  evapomted  by  1  of  coal,  from  initial  temp,  {b} 

during  steady  action  -  -  -  -  - 

Pnuiids  of  fuel  ciapurating  one  cubic  foot  of  water 
Menu  tempcralurc  of  air  enleriug  below  a^pit,  during 

steady  pressure  -  .  -  -  - 

Mrnn  tenip.  of  wet  bidb  Ihormom.,  during  steady  preaaure 
Mrnn  temperature  of  oir,  on  arriving  at  the  gmie 
Mcaji  temperaturaof  gaaea,  when  arriving  at  the  cbintDoy 
Menn  tempereture  of  aiean  in  the  boiler 


,    n  manomeler,  in  atmospherea 

Mean  height  o(  water  in  syphon  draught-enuge,  in  inches 
Menn  temperature  of  dew  point,  by  ^culiitian  ' 
Mean  gain  of  teninerature  by  the  air,  before  rtachiDg  grate 
Mean  difference  between  aieom  and  escaping  gssea 
Water  lo  1  of  coal,  corrected  for  tomperBture  of  water 

Witter  10  1  of  coal,  from  213P,  corrected  for  temperature 

Pnunds  .if  water,  fro 
Water,  from  2iaP,  I 

Mean  pteaaure,  in  ntmoapherea,  above  a.Taeuum 
Mean  preaaure,  jn  pounda  per  sq.  in.,  above  almospher 
Cundiuon  of  the  Bir^tluas,«t  tlie  funutee  bridge 
Inches  opening  of  damper,  (U.  upper)   - 


14.07 

14.IT 

377.5 

18.76 

i8.n 

8.0 

9.1 

759.5 

SSIJ 

755,875 

3.6SS 

47.468 

5. 795 

9.1501 

7.957 

6M 

8.731(1 

69°. 0 

^y.s- 

61°.  6 

67°.17 

334°. 3 

astf'.ffl 

S94°.3 

334°.C8 

231". 6 

sai^.s 

63°. 7 

75°. M 

30.179 

5.094 

0  S4H1 

0.5396 

0.307 

165". 2 

15T.M 

68°. a 

107°.  7i 

8  3413 
I.4S1I 

6.sm 

Opes. 
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ROM  TABLES  CLX,  CLXI. 
eotia)  coal,  from  Ctmard,  agtnt. 


AWB^^M* 


5.9375 
47  44*25 
lliB  967 

8.3145 

6  01 

89453 
37.353 


885  945 
13  855 

2.2935 


7.0209 

7  406 

8  9051 


236^.14 
3140.19 


0.3135 

1610.565 
870.975 

7.0071 

7.987 
378.93 

8.4^4 
).4» 


Remariu. 


ThsgaMw  appear  to  hare  arrived  at  the  chimney,  on  the  second  trial,  at  a  tempera- 
ture 40  degrees  higher  than  on  the  first. 


'{lie  efidency  of  the  pound  of  combustible  matter  of  this  coal  was  \oittt  in  the 
MMOiid  than  in  the  first  trial  by  8.6  per  cent. 


.?t- 
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No.  3. 

BUumiuous  coal  from  Plctou^  Nova  Scotia,  sent  by  Mr.  Cunard,  ogaU^ 

the  General  Mining  Association  of  London. 

The  coal  of  this  sample  is,  in  every  external  chaiHCter,  entirely  similar 
to  that  from  the  same  mining  district  obtained  from  Kew  Yort.  The 
specific  gravity  of  one  specimen  (o)  was  1.3L55;  that  of  another,  (i,] 
1.3352.  The  mean  of  these  makes  the  weight  of  the  cubic  foot  in  die 
solid  state  82.835  pounds.  The  actual  weight  determined  by  20  triabia 
the  charge-box  is  for  the  least  45.5,  for  the  greatest  52.125,  and  far  the  | 
average  49.25  pounds  per  cubic  foot,  or  0.5945  of  the  calculated  wdgiiL 
Hence  the  space  to  receive  one  Con  is  45.482  cubic  feet.  ' 

The  moisture  expelled  by  thoroughly  drying  specimen  b  was  1.075L 

The  coking  of  a  caused  a  loss,  including  moisture,  of  26.4L3  percent 
The  process  having  been  conducted  very  slowly,  the  powder  dia  noibe-  i 
come  agglutinated ;  but  another  portion  of  the  same  powder  suddeolf  a- 
posed  to  a  bright  red  heat,  became  converted  into  a  well -formed.  itttM. 
Of  specimen  6,  a  portion  coked  so  slowly,  and  at  so  low  a  heat,  that  the 
gas  did  not  take  fire,  exhibited  a  loss  of  27.1  per  cent.  Another  poilkm 
of  the  same  powder,  coked  rapidly  so  as  to  become  completely  coalescent, 
lost  29.34  per  cent. 

The  earthy  matter  in  a  was  10.09,  in  b  11.404  per  cent     Hence  the 
proximate  constituents  of  these  two  specimens  are — 

Specimen  a.  Specimen  6. 

Moisture   '     -        (not  separately  determined)  1.079 

Volatile  matter  -  -26.413      "'^^Tj*'^"  f    26.021  J  Jj^^V 

moisture  )  (  roking.) 

Fartliy  matter  -  -     10.090  11.404 

Fixed  carbon  -  -    63.497  61.496 


100.  100. 


Volatile  to  fixed  combustible    1 :  2.404  1 :  2.3633 

The  moisture  expelled  from  28  lbs.  dried  in  the  steaming  appantne, 
amounted  to  0.7812  per  cent.  The  volatile  matter,  including  moisture, 
from  the  mean  of  the  two  specimens  above  given,  is  26.756. 

During  the  two  experiments  on  evaporation,  there  were  burned  I962i 
r>ouiids  of  this  coal,  and  the — 

■   I 

Weight  of  ashes  withdrawn  was        -        116.00  ll^^-.v,  - 
of  clinker       -  -  -        121.W  I  '      * 

of  soot  -  -  -  8L15B  1  MI.. 

;^Ih:  itshcfi  lost  0.04077  of  their  weight,  and  the  soot  O.QQ 
^'oti.     ilcMlucing  the  weights  of  these  two,  aad  dadb 
•'**<  hfiUvH  of  355.25  lbs.  of  pine  wood,  we  have  left  ' 
^''•*«l  wusto  from  the  above  weight  of  coal,  or  12.5'*' 
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From  these  data  it  would  seem  that  the  coal  is  composed  of— 

Moisture  (from  28'lbs.)              -            -  -  0.7812 

Other  volatile  matter  (from  two  specimens)  -  25.9753 

Earthy  matter  (from  1962.5  lbs.)           -  -  12  5085 

Fixed  carbon  (calculated  by  difference)  -  60.7350 

100. 


Yolatile  to  fixed  combustible  1  :  2.5929. 

The  ashes  weighed  39.01  lbs.  per  cubic  foot. 
The  clinker      "      38.00        "  « 

The  soot  "        3.82        "  « 

When  reincinerated  or  calcined,  the  clinker  became  of  a  dark-drab  or 
light  brown  color,  the  ashes  of  a  light  reddish-gray,  and  the  residue  of 
the  soot  a  light  drab  color.  The  ashes  from  analysis  of  a  were  pure  white; 
from  4,  dirty  white. 

'  The  clinker,  as  it  came  from  the  furnace,  was  black,  vitreous,  and  porous, 
in  masses  tolerably  friable,  and  not  apparently  prone  to  adhere  to  the 
[^rate.     Much  shaly  matter  attaches  itseli  to  the  vitrified  portions. 

With  the  oxide  of  lead,  specimen  b  gave  23.355  times  its  weight  in 
metallic  lead.  Deducting  moisture  and  earthy  matter,  we  have  left  0  87517 
of  combustible  ;  by  which,  dividinjS^  the  above,  we  ^et  yij^^=26.686. 

For  the  reason  assigned  in  regard  to  the  preceding  sample  which  ac- 
eompanied  this,  the  trial  in  smith's  forges  and  in  open  grates  was  neces- 
ftiriiy  dispensed  with.  This  is  the  less  to  be  regretted  in  the  present  in- 
stance, as  the  sample  of  Pictou  coal  already  described  has  been  tested  in 
the  forge;  and  as  the  action  of  the  two  samples  is  in  other  respects  almost 
Uentical,  there  is  no  reason  to  doubi  that  in  this  particular  also  they 
Would  be  found  to  coincide. 

The  mean  time  required  to  bring  the  boiler  to  a  steady  rate  of  evapora- 
tion was  0.85  hour,  or  51  minutes.  The  weight  of  coke  leftunburnt  on 
the  grate  was  very  small,  being  on  the  first  trial  5  pounds,  and  on  the 
Second  2.5.  The  combustion  commenced  promptly,  and  the  fiame  was 
long,  and  accompanied  by  considerable  smoke.  The  large  amount  of 
clinker  (more  than  50  per  cent  of  the  total  waste)  rendered  it  necessary 
to  remove  the  heavier  masses  within  a  few  hours  after  the  fire  was 
kindled. 
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REMARKS.— Grale  aivrara  14J)7iiqiiare  Terl;  lefif[[lh  of 

circuit  uf  healed  giMs  Ulleel;  beighl  of  chioioe}  63 
reel. 
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4*n.a.  in.;  w«[er04  inch  beli.w  noimBl  level. 
Woorl  fiOMuuied,  Mffii  Ibs.j  ctioimenctd  charging  wiih 

crol;  vaivcidiiublp  wrighled. 
Si«in  escapes  at  "i.  14«.  a.  in.,  on  removiiig  eiira  weight. 
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rnicd  lEnH  at  10*.  15».  a.  m. 
Clinker  remi'iTed  frum  grate. 

Pilled  mok  at  Oi.  3S«.  p.  m. 

Conients  of  ash  pll  thrown  on  grale  at  3*.  \fm.  p.  to. 
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Pilled  laok  i  damper  redoeed  lo  4  inche:.. 

Waler  in  boiler  left  at  0.1  incli  above  normal  level. 

Water  in  bijMcr  0.7  inch  below  normal  level. 
Water  la  boiler  ndjuiled. 

RESIDUA. 

ker t 57.00 

cs 55.50 

N  b:hind  bridge ., 3.90 

115.40 

Bciirood  ubes O.GII 

>1  waale  from  coal 114.759 

le 5.00 
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3 

4 

5 

6 

7 

8 

9 
10 
11 
13 
13 
14 
15 
16 
17 
18 

19 

20 
21 
32 

23 
24 

25 

26 
27 
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29 
30 
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35 
36 
37 
38 
39 
40 
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49 
43 

44 
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47 


Nature  of  the  data  furnished  by  the  raq>ectiTe  tables. 


Total  duration  of  the  ezperfmeat,  in  hour* 
Duration  of  steady  action,  in  hours        .  -  - 

Area  of  erate,  in  smiare  feet       .  .  •  - 

Area  of  heated  sunace  of  boiler,  in  w^joare  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  chaigea  of  coal  supplied  to  jgnte 
Total  weiirht  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  octually  consumed  ... 

^onds  of  coal  withdrawn  and  Mparated  after  trial 
Mean  weifht,  in  pounds,  of  one  cubic  foot  of  coal 
Pound*  of  coal  supplied  per  hour,  during  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surfhce.  per  hour 
Total  waste,  ashes  and  dinkek*,  ftmn  100  pounos  of  coal 
Pounds  of  dinker  alone,  ftom  100  pounds  of  coal 
Ratio  of  dinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Meah  temperaUure  of  water,  in  degrees*  Fahrenheit 
Pounds  or  water  supplied  at  the  end  of  experiment,  to 

iraiwv  uiiui     •  —  •••• 

DedcictioB  Ibr  tempetetare  of  water  supplied  M  end  of 

experiment,  in  pounds  .... 

Pounos  of  water  eraporated  per  hour,  duringsteady  action 
Cubic  feet  of  water  per  hour,  durine  steady  action 
Pounds  of  watiBr  per  square  foot  m  heated  surface  per 

hour,  by  one  caleulsiioii        .  .  .  . 

Pounds  of  water  p.  sq.  fl.,  by  a  mean  of  several  obserrations 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result      -.---- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  -  -  - 

Mean  temp,  of  wet  bulb  thermom.,  duringsteady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches      .  .  . 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  heignt  of  water  in  syphon  draught-^ujge,  in  inches 
Mean  temperature  of  dew  point,  by  odcmation  - 
Mean  sain  of  temperature  by  the  air,  before  reaching  grate 
Mean  oifTerence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  dstem 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern      -  -  .  -  . 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal  - 
Water,  from  212^,  to  one  pound  of  combustible  matter 

of  the  fud       --.-.- 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  epening  of  damper,  (U.  upper)   - 
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In  a  very  close  approach  to  total  combustion,  as  well  as  in  man^  other  of  Uf 
properties  and  modes  of  action,  this  sample  manifests  its  affinity  with  th« 
Pictou  coal  procured  in  New  York. 


The  rate  of  eTaporatioQ  with  air-plate  open  is  16L5  per  cent,  less  rqwl  than  with 
the  plate  closed. 


With  the  air-plate  opca^  as  in  the  second  trial,  the  gases  going  to  the  chimney  had 
a  temperature  35^  higher  than  with  the  same  plate  dosed,  as  in  the  first  ex- 

Eeriment.    Tlie  considerable  coating  of  soot  on  the  flues  may  hare  helped  to 
eep  the  gases  at  their  hieh  temperature,  and  to  dimit^inly  the  e?^x>mti¥e 
effect,  as  seen  in  lines  41  and  43. 

The  second  trial  had  the  advantage  of  a  stronger  draught  than  ih«  first 
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BUumiaoiu  ewtlfnm  lAvvpeal,  Bnglatid^proexmaftemhaittg  ^Utt- 
do^ht  in  Nag  York,  for  tMif)aratiBe  esperimefda.  i 

Tbia  eooi  hu  well-definod  partiiigs,  and  suriaces  of  deposition  retDBt 
jJ>l7eTen,aloDgvhtehfiaetuiM  very  frtt[uently  occur.  Its  maiapeiliagi 
I  found  lo  be  gnienlly  rrom  85°  to  87°  inclined  to  ihe  horizontal  sftsmi 
The  Initra  is  ndoous  or  i»tchy  in  some  Tracmres,  and  shining  in  othcn; 
while  the  niinem]i»d  charcoal  in  the  horizontal  seams  gives  th«n,of 
ebarte,  a  duU  aspect  Few  or  no  exterior  indications  of  ttnpurity  are  ni- 
ible.    lis  powder  iaofadaA  brown  color. 

The  spocific  giavity  of  one  roecimen  (a)  was  1.264;  that  of  aiiodMt(l) 
IJ3706;  the  mean  of  which  indicates  78.89  pounds  u  the  weight  of  oai 
cubic  fiiot  Forty  trials  in  the  chane-box  gave  as  the  maximum  6l.fi,tbt 
mintmam  45.TS,  and  the  aTeiaae  of  the  whole  47.878  pounds  per  cubic 
foot;  which  is  0.6069  of  the  odeuiated  weight. 

Tliis  annge  thcnra  Uuit  46.786  cubic  feet  of  space  will  be  reqaiieiftr 
OMgrasaUn. 

'Tab  moiaton  in  ipecimen  a  was  1.7S8 ;  that  in  b  1.62S. 

The  sulphur  in  a  was  0.3763. 

Whui  coked  Terr  gradnBlly.a  gave  of  volatile  matter,  including  maM- 
nre,  38.89;  and  whan  coked  ptetty  nixdly,  b  gave  36.41  per  cent,  of  ihe 
•ame  nwierial.  Another  compaistiTe  trial  of  the  effect  of  slow  and  rapiil 
coking  was  made  by  coking  a  rapidly,  which  caused  it  to  lose4I.UF(i 
cent,  and  h  slowly,  whereby  it  lost  only  33  05.  Taktug  the  mean  of  lIk 
triaU  by  the  two  methods,  a  sives  37.015  ;  b  gives  34.73. 

Two  specimens  triad  by  Dr.  King,  both  by  rapid  coking,  gave  40.333 
for  the  firsthand  40.625  for  the  second,  or  a  mean  of  40.479  per  cent,  of 
▼olalile  matter,  including  moisture. 

Hy  Ihe  mean  of  four  incinentiona,  a  gave  of  earthy  matter  LI^  >Qd  & 
tt.M  per  rent 

Uenoe  the  composition  of  these  two  specimens  may  be  stated  asfolloTB : 

Moisluie 
Sulphur 

Other  volatile  matter,  by  mean  oi\ 
rapid  and  slow  coking  j 

Eurthy  matter 
Fixed  carbon 


The  volatile  to  the  fixed  combuslilile  lTl.756 

imitUng  that  the  moisture  in  the  two  samides 
1  to  that  derived  from  the  38  pounds,  the ' 
D.479-0.892  =  39.587  per  cent 
-mring  the  trids  of  its  evaporative  pown. 
■«1  3,7%  pounds. 
Th«  ashes  withdrawn  arnoanU 
■oottoia-aSpoooAi- 


Specimfn  4. 
1.786 
0.376 

34.851 

1.120 

61.865 

100. 

100. 

1*1.756 

1:1.748 
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B7  roincineraliony  the  otAe*  lost       -  -  -  16.93  per  cent. 

"  ihesooi    '  -  .  -  71.69      " 

irhile  the  clinker  gained  a  little  by  calcination. 
The  ashes  of  654.76  pounds  of  wood  was  2.01  pounds. 
Making  the  reductions  here  indicated,  the  total  incombustible  matter  re- 
aovered,  and  which  was  derived  from  the  coal  alone,  was  175  pounds,  or 
1.622  per  cent.    F*rom  these  data,  entirely  independent  of  the  above  anal; 
faes  of  a  and  6,  we  have  the  composition  of  the  sample  as  follows : 
Moisture,  from  28  pounds  ....      0.892 

Other  volatile  matter,  by  two  specimens  -  -    39.587 

Earthy  matter,  from  3,786  pounds         ...      4.622 
Fixed  carbon,  by  difference      ...  *    64.899 

100. 


Yolatile  to  fixed  combustible    -  -  -  -  1 : 1.613 

The  earthy  residuum  from  the  analyses  of  the  two  specimens  a  and  6, 
of  a  dark  brown  color.  The  clinker  was  compact,  of  a  reddish -brown 
color,  not  in  large  masses ;  vitrified,  but  containing  small  bits  of  light  slaty 
matler.  When  pulverized  and  recalcined,  it  became  of  a  deep  brown,  or 
dark  red  color. 

The  residue  from  reincineration  of  the  ashes  is  rather  lighter  red  than 
tfiat  of  the  clinker,  while  the  soot  gave  a  still  lighter  colored  ash,  but  not 
Ughter  than  that  of  ordinary  hard-burned  brick. 

The  weight  per  cubic  foot  of  the  several  residua,  as  drawn  from  the  fiir- 
nace,  was  as  follows,  viz : 

Ashes      ......  63.70  pounds. 

Clinker 40.12      " 

Soot        .  -       .    •  -  -  •    3.92      « 

When  tested  with  the  oxide  of  lead,  specimen  a  yielded  27.074  times  its 
weight  of  metallic  lead ;  and  this,  after  deducting  moisture  and  ashes,  gives 
of  lead  to  1  of  combustible  27.884. 

In  the  chain-shop,  60  pounds  of  this  sample  were  sufficient  to  make  13 
links  of  a  chain  14  inch  in  diameter ;  gave  a  good  fire  for  the  purpose,  and 
yielded  but  a  moderate  quantity  of  cinder. 

In  the  anchor-shop,  where  it  was  tried  on  ordinary  smith's  work,  it  gave 
a  good  hollow  fire,  and  worked  in  a  manner  highly  satis&ctory  in  regard 
to  its  action  on  the  iron. 

In  an  ordinary  domestic  grate,  it  takes  fire  promptly ;  bums  as  in  the 
fiimace,  with  a  long  flatne,  accompanied  with  much  smoke ;  swells  up, 
and  cements  into  a  spongy  mass,  leaving  a  light  porous  coke. 

The  time  required  to  bring  the  boiler  into  steady  action  was — 

In  the  Jirst  trial  -   *       -  -  -  -  0.833  hour. 

In  the  second  ^^  .....  0.760 

In  the  third   <' 0.366 

ibf^/mrlh  <' 1.600 


ti 
a 


•    0.862    « 


i  after  each  trial  was  11.06  pounds. 
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above  Dormal  lerel. 
Wood  cansQDiei),  216^  Iba.;  ectamencfd  cbargmg  viih 
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AAf iB.as 
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REM  ARKS. -Grate  sutface  14.07  squwe  (eel ;  length  of 
circuii  of  healed  gasei  131  feei;  heigbt  ul  cbimDer 
63  feet. 
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Commeniwi  drawing  gasea  from  lower  damper  at  lU. 
29n..i  drew  in  97  mlnules  100  cubic  inches,  which 
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1 

5~ 

y  1 

i.M. 

73  S 

las 

-17 

Cummencrdlirinei  vater  0  14  inch  above  oormBl  level; 

700 

7*. ft 

Urift 

-1^1 

morDfng  cloudr  i  »in>l  NE.^ 
Wuod  cuDiumed,  III  lb*.:  c^Mhenced  cbaigiox  with 
coal;  siram  rseapes  al7*.  15nt  ;  air  plates  opeoed  *i 

74. ti 

135 

7-2 

73.6 

Ml 

89 

Dampet  reduced  1o  8  inches  ai  at.  30n, 

s.ao 

74. a 

75.3 

159 

190 

95 

1.775 

119 

1.351 

73. (J 

2-JI 

2.  aw 

75.5 

■J3a 

1(15 

1.37f 

10. « 

75. i 

•Mi 

103 

2.14b 

74. a 

ass 

89 

l.iliT 

Urn..;  drew  in  3f..5  minutes  lUO  cubic  incbea,  whi.-b 

11.16 

^43 

gfivt  water  1.09  grain,  carboaic  acid  6.19  KiaiD»,  oij- 

etD  9.6B8  cubic  inches. 

11.46 

7S,'J 

a4!i 

161 

■i.-M 

BtBvke  18.5  secotiJ^  in  reaching  chimney  lop )  sfpboD  033. 

75.  !i 

271 

11)7 

•2.S&i 

l.l-J 

77.4 

d77 

15H 

2.711 

«.10 

77. -.i 
74. 6 

288 

174 

2.174 

WiodE.,  brisk;  snn  sbiuing. 

- 

164 

no 

0.913 

Filled  iBok  Bi  3*.  lOn. 

75.0 

asi 

75.2 

•11 

normal  level. 

- 

74.4 

asti 

Water  again  brought  0.33  Inch  above  normRl  level. 

_ 

73.2 

125 

_ 

_ 

Water  in  bailer  adjusted. 

Clinker 

Aabes 

AshNlMtklndbrMsB.. 
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Nature  of  the  data  ftimished  by  ihe  respeetire  tables. 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

2S 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 

44 
45 

"I 


Total  duration  of  the  experiment,  in  hours 

Duration  of  steady  action,  in  hours        ... 

Area  of  grate,  in  sauare  feet       .... 

Area  of  heated  surface  of  boiler,  in  square  fbet  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Number  of  charges  of  coal  supplied  to  jurats 

Total  weiffht  of  coal  supplied  to  pate,  in  pounds 

Pounds  of  coal  actorily  consamw 

Pounds  of  coal  with^pvn  and  separated  after  trial 

Mean  weisht,  in  pooTOB,  of  one  cubic  foot  bf  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  square  foot  of  grate  sur&ce,  per  hour 

Total  waste,  ashes  and  clinker,  fiom  100  pounds  of  coal 

Pounds  of  clinker  alone,  firom  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cent. 

Total  pounds  of  water  supplied  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit 

Pounds  01  water  supplied  at  the  end  of  experiment,  to 

restore  level    -----. 
Deduction  for  tempemtnre  of  water  supplied  at  end  of 

experiment,  in  pounds  .  .  .  . 

Pounds  of  water  evaporated  per  hour,  duriiu^  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation         .  .  .  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

obser\'ations    --.--- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result     '  - 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure 
Mean  temperature  of  wet  bulb  thermometer,  during  steady 

prcesiire  .--.-- 

Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temj)crature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  teniperatUi*e  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres  - 
Mean  height  of  water  in  syphon  draught-gau^c,  in  inches 
Mean  temperature  of  dew  point,  by  calculatjon 
Mean  sain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of^  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  dstem      -  -  .  -  - 

l^ounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air<^aie8,  at  me  funvacft  \)tv^ 
/aches  opening  of  dMuper,  (U.  upiper")  - 


1st  Trial. 
(TsUe  CLXFL) 


\ 


Jhigud9S. 

84.563 
6.30 
14.07 
377.5 
ie.75 
11.0 
1057.5 
1050.35 
7.35 
48.067 
136.98 
9.735 
4.766 
3.1585 
45.395 
8036.0 
77.8 

375.0 

48.0 
1036.98 
16.593 

3.746 

3.755 

7.596 

7.569 
8.228 

850.46 

74*^.08 
2590.3 
317'^.  17 
230^.5 
81^.23 
30.153 
5.127 
0.5445 
0.350 
70<'.ll 
1730.84 
9P.1 
7.5698 

8.5546 
411.20 

8.9827 
1.4424 
6.5334 


AfigiuiftL 


4.75 
14.07 

977.5 
18.75 
10.0 

944.5 


\ 


5.95 
47.915 
139.47 
9.819 
4.796 
9.080 
43.138 
6871.0 
80.8 

488.8 

58.0 
976.9 
15.618 

3.585 

9.5fi9 

7.0» 

6.999 
8.879 

87=>.73 

77^.55 
302^.45 
346=^.55 
230'. 1 
82^.09 
30.165 
5.116 
0.5454 
0  360 
740.43 
2140.73 
1200.55 
7.019 

7.9038 
373.35 

8.3030 
1.4462 
6.5905 
Closed. 
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4th  Trial. 
(TabU  CLXIX.) 


23.667 
5.833 
14.07 
377.5 
18.75 
10.0 
947.75 
933.25 
14.50 
47.3875 
115.249 
8.191 
4.634 
1.3813 
29.838 
6714.0 
82°. 0 

66.0 

8.0 
822.73 
13.16 

2.179 

2.177 

7.185 

7.138 
8.6987 

850.8 

77=>.87 
3150.8 
.    3550.07 
2280.80 
810.13 
30.203 
5.181 
0.5391 
0.3263 
750.39 
230O.0 
1340.8 
7.1563 

8.0595 
381.91 

8.4511 

1.4374, 

6.4595 

Opon. 

D.     8 


Averages. 


11.062 
47,899 
120.807 
8.5858 
5.0425 
1.8643 
37.2295 


839.803 
13.435 

3.224 


6.9818 

6.8925 
9.01 


Remarks. 


3030.7 
3240. 462 


0.3142 

2160.57 
1110. 412 
6.9552 

I 

7.848 
375.363 

8.3553 

.     1.4313 

6.3783 


The  coke  left  on  the  third  trial,  when  the  dam- 
per was  but  four  inche#open,  waaneady  3^ 
times  as  much  as  in  the  preceding  trial. 


The  eflect  of  closed  aii^late  and  a  ftnit^ch 
damper  is  very  distinctly  manifttted  in  the 
thira  trial,  diminishing  tne«  efficiency  of  iht 
fuel  by  about  l-7th  part  of  its  whole  amount. 


The  gases  arrived  at  the  chimney  at  the  highest 
temperature  in  the  fourth  trial,  when  the 
greatest  accumulation  of  soot  was  on  the  ab- 
sorbing surfiMes. 


,..,\   ». 
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Remarks  on  the  preceding  taUe  of  detkieimUm 

la  examining  the  second  and  third  columns  of  this  table,  it  will  beoih 
served  that  the  rate  of  combustion  with  a  4  inch  danaper  was  but  6.SH 
pounds  per  square  foot  of  ffrate  per  hour;  while  on  the  preceding  trial,  with 
an  S-inch  damper,  it  hall  been  9.912  pounds.  Hence  the  dinoiinutioii  ii 
combustion,  by  throttling  the  smoke,  was  34.2  per  cent  The  13ih  lin 
shows  that  on  the  third  trial  (with  a  4-inch  damper^  the  total  watte  «« 
5.97  per  cent,  of  the  coal ;  whereas  the  second  trial  had  yielded  batifll 
per  cent.,  or  the  augmentation  of  waste  was  24  per  cent,  of  the  ianer 
number. 

The  rate  of  evaporation  fell  fix)m  2.686  pounds  per  sqaare  foot  of  baarf 
surface  per  hour  ^as  seen  in  line  22)  on  the  second  trial,  to  1.386  db  the 
third.  The  loss  in  rapidity  of  evaporation  is  46.3  per  cent.;  frcm  thiide* 
ducting  the  loss  in  rapidity  of  combustion,  we  obtain  12.1  per  cenLMtfai 
actual  loss  in  useful  effect  of  the  fuel.  This,  it  will  be  observed,  is  obtnied 
from  the  approziftiate  results  derived  from  the  period  of  steady  actioiL 

The  same  conclusion  follows,  however,  from  data  entirely  indqiealeot 
of  the  preceding.  Thus  the  43d  line  shows  that  on  the  second  tiiil  the 
unit. of  combustible  matter  evaporated  from  212^,  8.302  of  water, and oa 
the  third  trial  only  7.2864;  the  difference,  1.0166,  is  12.2  per  ceoLcf 
the  larger  number. 

The  air  reached  the  grate  at  a  temperature  337.25—302.45=34^.8  hottff 
on  the  third  than  on  the  second  day  of  trial — an  effect  due  to  its  ribwer 
movement,  and  the  consequent  higher  temperature  of  the  inner  walb 
through  which  it  received  its  heat  This  shows  that  the  higher  terapen- 
ture  of  the  air  which  supplies  the  furnace  is  not  alone  sufficient  to  secoie 
a  more  perfect  combustion. 

It  also  appears  that  the  gases  led  the  boiler  and  passed  into  the  chimney 
on  ihe  second  day  of  trial  at  346°.55,  and  on  the  third  at  279^.06;  so  > 
that  they  did  not  carry  away  morcy  but,  on  the  contrary,  67°.5  ku  heal 
in  the  latter  case  than  in  the  former. 

The  imperfection  of  combustion,  consequent  on  a  want  of  sufficient  air 
to  consume  the  gaseous  products,  is  here  the  obvious  source  of  inferiority 
in  result.  Both  the  second  and  the  third  trials,  it  will  be  observed,  were 
made  with  air  plate  closed. 

A  comparison  of  the  Jirsl  with  the  fourth  trial  shows  what  effect  is  to 
be  attributed  to  the  soot  of  the  flues  from  three  days'  operations  in  dimin- 
ishing evaporative  efficiency.  Both  trials  were  made  with  air  plate  opeU) 
and  the  upper  damper  drawn  8  inches.  The  coal  burned  per  hour  on  the 
first  day  was  136.98,  and  on  the  fourth  115.25  pounds.  The  difference 
is  15.8  per  cent,  of  the  former  number.  The  rate  of  evaporation  was 
16.592  cubic  feet  per  hour  on  the  first,  and  13.16  on  the  fourth  trial.  The 
difference,  3  432  cubic  feet,  is  20.7  per  cent  of  the  larger  number.  From 
this  deducting  1 5.8,  the  remainder,  4.9,  indicates  the  loss  of  useful  effect 
of  the  fuel  in  consequence  of  the  imperfect  conduction  of  the  coating  of 
the  boiler  and  flues.  This  is  a  result  from  the  observations  during  the 
period  of  steady  action.  In  line  43  is  found  8.9827  in  the  column  of 
the  first,  and  8.451 1  in  that  of  the  fourth  trial.  The  difference  of  these, 
0.53 1 6,  is  5.9  per  cent,  of  the  larger  number.  The  approximate  result  fiom 
steady  action,  and  that  from  the  nnal  amount  of  evaporation,  again  confirm 
each  other  in  their  general  indication,  and  differ  but  by  1  per  cent  in  tiie 
/)j%>portion  of  loss. 
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Bituminous  coal  from  Ne'ccasile,  Etiffland,  procured  for  comparative  ex- 
pertinents, from  Messrs.  Laing  ^-  Randolph,  of  Ntw  York. 

In  many  of  its  external  characters,  this  coal  strnngljr  resembles  the 
Midlothian  and  Chesterfield  coals  of  the  Richmond  district.  Its  planes 
of  deposition  are  not  always  followed  by  the  cleavages  in  that  general  di- 
rection. Some  u  neve  lines  s  frequently  nccuts,revealiiigconchaidal  surfaces 
of  a  pilchy  appearance.  The  inaiii  prtings  are  mostly  at  right  angles  to  the 
horizontal  seams.  Scales  and  lamintc  of  carbonate  of  lime,  and  probably 
of  magnesia,  exist  throughout  the  partings.  'I'hey  effervesce  moderately 
vith  nitric  acid.  Sulphuret  of  iron  is  seen  in  contigujty  with  this  earthy 
deposite.  When  reduced  to  an  impalpable  powder,  this  coal  has  a  light 
brown  color,  indicative  of  high  bituminonsness. 

The  specific  gravity  of  one  specimen  (a)  was  found  to  be  1.2S44 ;  that 
of  another,  (A,)  l.2''J91 ;  the  mean  of  the  two  giving  the  calculated 
woght  per  cubit.-  foot,  7S.34  pounds. 

Forty  trials  in  the  charge-box,  of  which  the  letut  result  was  4S.375, 
and  the  greatest  53,  afforded  an  average  of  50.S218  pounds  per  cubic 
fi>ot,  orU.647  of  the  calculated  weight.  The  space  required  for  one  ton  is, 
consequently,  44.07(1  cubic  feet. 

In  specimen  a  the  moisture  was  0.993,  and  in  (t  0.926  per  cent. 
Twenty-eight  pounds  dried  in  the  steaming  apparatus  lor  four  days  lost 
9  ounces,  or  a.007  per  cent. 

The  sulphur  obtained  from  b  was  0.23  percent.  Of  volatile  matter  other 
than  moisture,  a  gave  33.597 ;  and  b,  by  the  mean  of  two  trials,  gave 
40.355  of  volatile  matter,  including  moisture  and  sulphur. 
The  earthy  residuum  of  a  was  3.75,  that  of  b  L85  per  cent 
Hence,  the  proximate  constituents  of  these  two  specimens  may  be 
itated  as  follows : 

Specimen  a.     SpecimeD  b. 
Moisture      .....    0.993  0.926 

Sulphur       ....  (not  tried)       0.230 

Other  voiaUle  matter  ■  -  -  33.657         39.199 

Earthy  matter  ....    3.T50  1.860 

Fixed  carbon  ....  61.T00  67.796 


100. 


100. 


Volatile  to  fixed  combustible  . 

The  pasty  state  into  which 
cess,  causes  portions  of  gas  *^ 
semi-fluid  mass.  When,atlei 
the  enclosure,  jets  of  fliime, 
sessing  a  iiigh  illuminating  pdt 
alyses  it  was  found  expedient ' 
to  avoid  its  being  thrown  off' 

The  total  volatile  mutter 
39.0S3  and  3ti.l25,  respectiw|jj' 
Oie  two  above  given,  this  raaitl) 
32 


.1:1.6 


1: 1.4744 


4aiing  the  coking  pro- 

GODDned  within  the 

rnUy  elastic  to  burst 

explosions,  and  pos- 

"       '    In  these  an- 

erucible, 
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37.628.   During  four  trials  of  evaporative  power,  there  were  burned  4,025 

lbs.  of  this  coal,  yielding  of— 

Ashes  ......  104.76  lbs. 

ainker 126.00    " 

Soot  -.-..-    16.26    " 

The  incombustible  matter  in  the — 

Ashes,  was  .....    89.377  lbs. 

Cliuker      ......  126.000   « 

Soot  ......      4.381    ** 


Total 219.768    « 

Deduct  ashes  of  822.75  lbs.  of  wood  -  -      2.626    " 


And  there  remain  of  incombustible  matter  of  the  coal  217.232   *^ 
.3997  per  cent. 


From  these  data,  we  may  infer  that  the  sample  had  the  following  prox* 
imate  constituents : 

Moisture  (from  drying  28  lbs.)  ....  2.007 
Other  volatile  matter  (from  two  trials  by  Dr.  King)  -  36.697 
Earthy  matter  (from  4,023  lbs.)  ....  6.400 
Fixed  carbon  (calculated  by  difference)  -  •  •  66.996 

100. 


Volatile  to  fixed  combustible  1 : 1.6011. 

The  ashes  derived  from  this  sample  weighed  61.11  lbs.  per  cubic  foot; 
the  clinker,  38.26;  and  the  soot  (which,  with  a  single  exception,  is  the 
lightest  obtained  from  any  coal  examined)  weighed  but  3.7  lbs.  per  cubic 
foot 

The  clinker  is  in  thin  sheets,  of  a  dark  color,  with  small  portions  of 
slaty  residuum,  whitening  the  otherwise  nearly  black  compact  vilri&ed 
masses.     It  is  highly  fusible,  and  adheres  to  the  grate. 

By  means  of  the  oxide  of  lead,  specimen  6  produced  the  reduction  oi 
26.785  times  its  weight  of  metallic  lead  ;  which,  after  deducting  2.776  parts 
for  moisture  and  ashes,  gives  for  one  of  combustible  matter  in  the  coal 
27.55  times  its  weight  of  lead. 

This  coal  was  submitted,  in  addition  to  the  above  trials,  to  the  follow- 
ing analysis : 

Forty  specimens  were  selected  from  the  different  casks — about  an  equal 
number  from  each.  A  small  fragment  was  detached  from  each  specimen, 
and  the  whole  were  pulverized  together.  Of  the  fine  powder,  55.9  grains 
were  placed  on  a  platinum  capsule,  to  incinerate  in  the  muffle  of  an  assay 
furnace,  where  it  became  completely  reduced,  leaving  only  2.1  grains,  or 
3.756  per  cent,  of  waste. 

Of  the  same  powder,  102.5  grains  were  thoroughly  dried  at  a  tempera- 
ture below  250^,  losing  thereby  1.38  grain,  or  1.346  per  cent 

The  same  portion,  closely  covered,  was  then  coked  slowly,  and  finally 
kept  for  some  time  at  a  full  red  heat  in  the  muffle,  till  all  inflammable 
matter  had  ceased  to  escape;  after  which,  it  weighed  72.1  grains. 

This  shows  that  the  total  volatile  matter,  by  this  mode  of  treatment, 
is  29.668  per  cetit. 
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Hence,  the  proximate  constituents  are — 

Moisture  ......    1.346 

Other  volatile  matter       .....  28.312 

Earthy  matter     ......    3.756 

Fixed  cartK)n      ......  66.586 


JOG. 


And  volatile  to  fixed  combustible  1:2.3619. 

In  all  the  other  determinations  of  volatile  matter,  the  method  of  rapid 
coking  was  pursued ;  and  the  difference,  as  above  seen,  is  very  striking. 
By  rapid  coking,  the  weight  of  coke  obtained  from  specimen  a,  above 
analyzed,  was  less  by  6.95,  and  that  from  b  by  15.21  per  cent.,  than 
from  the  average  specimen  just  presented. 

This  coal  was  also  subjected  to  analysis  by  the  scale  oxide  of  copper. 
109.5  grains  were  thoroughly  dried,  and  proved  that  the  moisture  had 
been  L.6  grain,  or  1.461  per  cent. 

The  same  specimen  had  been  found  to  contain  1.85  per  cent  (of  the 
raw  coal)  in  earthy  matter,  which  is  1.877  of  the  dried  coal. 

6.46  grains  of  this  dried  coal,  containing  0.1212  grain  of  tishes,  gave — 
Of  water  -  -  -  -  -  -    3.21  grains. 

Of  carbonic  acid   -  -  .  -  .  19.56     " 

Hence  the — 

Hydrogen  is  -  -  -  -  0.3566  grains. 

Carbon     -  -  -  -  .  -  6.3345     « 

Earthy  matter      .....  0.1212     " 

5.8123     « 
And  by  difference,  the  oxygen  and  azote  are  -    .6477     " 

Making  -  -  -  -  .  6.46         « 

:=the  weight  of  dry  coal  employed.  === 

As  this  weight  of  dried  coal  came  firom  6.5558  grains  of  raw  coalj  the 
latter  number  must  be  used  in  obtaining  the  proportion  of  ingredients  in 
that  state. 

Hence  the  moisture  is  -  -  -  -  -  1.461 

Carbon      ....  5.33451  ^    f  =81.371 

Hydrogen-  ...    .3566  >-«-6.5558<  =  5.439 

Oxygen,  &c.  -  -  -    .6477  ^  C=  9-879 

Earthy  matter       -  -  -  -  -  -  1.850 


•.( 


100. 


'  li  tbe  ram  of  (hit  eemlrattible  ingredients  is  96.689,  the  relation  of  these 

im       ■  ir'tv    .-.  •  •  •        84.157=14.026  atoms. 

^'^  1, ...        .  .  .         6.626=  5.626      « 

alone       10.217=  1.252     « 


I 


100. 

■*f  ■  ft...:    = 


»*  «bi  ■! 
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If,  from  the  data  furnished  by  this  analysis,  we  would  calcttlaie  in  the 
usual  way  the  heating  power  of  the  raw  coal,  we  must  first  deduct  from 
the  weight  of  hydrogen  ^5.439)  one  eighth  the  weight  of  oxygen,  (1.2348 
grain,)  which  leaves  of  that  combustible  4.2043  grains;  and  if,  with 
Uespretz,'we  adopt  for  the  heating  power  of  hydrogen  48S62^  Fata., 
(236400  centigrade,)  then  will  1789°  express  the  heating  power  of  this 
ingredient  i  And  if,  with  the  same  author,  we  admit  the  heating  power 
of  carbon  to  be  14040°  Fah.,  (7800  cent.,)  then  0.81371  x  14040=1 1424^ 
will  represent  the  heating  power  of  the  carbon  present,  supposiDgit  to  be 
converted  into  carbonic  acid.  The  numbers  114244-1789=13213,  ex- 
press the  pounds  of  water  capable  of  being  heated  1^  Fah.  by  the 
combustion  of  1  pound  of  the  raw  coal;  and  in  order  to  convert  this 
into  terms  of  the  standard  emi)loyed  in  the  researches  on  evaporation,  it 
is  only  necessary  to  divide  this  number  by  1030,  the  latent  neat  of  the 
vapor  of  water,  which  will  give  the  theoretical  evaporative  jpower  of  the 
pound  of  coal,  equal  to  the  production  of  12.828  pounds  or  steam  from 
water  at  212^.  Now  the  maximum  evaporative  power  obtained  was 
9.0706  pounds  of  water  from  212^,  to  1  pound  of  coal  burned.  The  dif> 
ference  of  these  two  is  29.29  per  cent,  of  the  theoretically  computed  heat- 
ing power.     ^ 

If,  instead  of  the  numbers  given  by  Despretz,  we  prefer  those  obtained 
by  Dulong,  viz:  62535  for  hydrogen,  and  12906  for  carbon, the  calorific 
power  of  the  former  will  be  0.042042x62535=2629 ;  and  that  of  the  latter, 
0.81371x12906=10521;  and  the  sum  of  these  two,  13150,  diffen  but 
little  from  the  number  obtained  from  using  the  data  of  Despretz. 

No  experiments  were  made  on  the  gases  passing  into  the  chimney 
while  burning  this  coal,  so  that  I  am  not  able  to  present  the  total  heating 
power  expended  on  the  air  which  supplied  combustion,  the  moisture  of 
that  air,  and  the  water  generated  from  the  coal  itself,  as  has  been  done  in 
a  subsequent  table  with  regard  to  many  other  samples.     If,  however,  we 
compare  the  effect  produced  by  coals  nearly  analogous  to  it,  and  which  have 
been  tried  in  that  manner,  it  will  be  evident  that  this  theoretical  result  of 
12.828  pounds  of  water  to  1  of  highly  bituminous  coal,  was  in  no  in- 
stance even  approached.     Seven  trials  on  the  Midlothian  coal  of  Virginia, 
gave  for  the  heating  power  measured  by  the  steam  alone,  8.4786,  and  by 
all  the  means  just  enumerated  10.068;  the  difference,  1.59,  is  only  15.78 
per  cent,  of  the  latter  number.*     It  seems  not  to  have  been  considered 
by  those  who  have  sought  to  determine  the  heating  power  of  fuel  for 
practical  purposes,  by  computing  the  eflSciency  of  its  hydrogen  constituent, 
that  the  hydrogen  on  which  chemists  have  operated  to  demonstrate  its  heat- 
ing power  had  already  been  brought  to  the  elastic  state,  at  the  expense  of  a 
large  quantity  of  caloric,  reduced  to  the  latent  state ;  while  in  fuel^  it  is 
either  in  the  solid  or  liquid  state  at  the  commencement  of  the  process  of 

•  To  compare  the  evaporative  power  of  the  unit  of  combustible  matter  in  Newcastle  coal,  as 
determined  by  the  actual  evaporaUon,  with  that  derived  from  the  carhon  found  in  its  combustibk 
ingredients,  as  proved  by  ultimate  analysis,  recourse  is  had  to  the  average  in  tlie  43d  line  of  the 
table  of  deductions,  whicn  is  9.1777;  anu  as,  by  what  is  stated  in  the  text,  this  may  be  taken  for 
1—0.1578  =  0.8422  of  the  total  evaporative  power,  therefore  9.1777  —  0.8422=  10.898  ==  the  tota! 
evanomtive  power  of  the  unit  of  combustible  matter  in  the  coal,  as  proved  by  the  steaming  opem- 
tiona.     And  as  0.84157  is  the  proportion  of  carbon  in  1  of  the  combmtible  matter  of  the  coal,  by 

ultimate  analysis,  therefore  0-84157  X  12906  __  io.545  =  the  evaporative  power  of  the  carbon 
alonCt  calculated  from  chem'icaX  compoaiuoTv.   \tv  \)A^\\xcycv\n^^  ^^^^  xvHtaaecliM  which  have 
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combustion.  The  practical  bearing  of  this  difference  becomes  the  more 
important  in  cases  where  the  products  of  combustion  necessarily  pass 
away  from  the  surfaces  to  be  heated,  at  a  temperature  above  boiling  point. 
The  vapor  of  water  at  ordinary  atmospheric  pressure  has  the  same  bulk 
as  the  hydrogen  from  which  it  had  been  generated;  while  the  oxygen, 
which  had  been  condensed  in  forming  it,  had  only  one  half  that  bulk. 
The  oxygen  (which,  with  carbon,  forms  carbonic  acid)  is  unchanged  in 
volume,  and  the  carbon  is  totally  condensed  into  it.  In  the  calorimeter 
of  Lavoisier,  as  well  as  in  that  of  Rumford,  the  watery  vapor  generated 
from  hydrogen  was  condensed  by  employing  cold  surfaces  to  absorb  the 
latent  as  well  as  the  sensible  heat  of  the  vapors  generated  in  combus- 
tion. P^or  few  of  the  purposes  of  heating  can  this  be  considered  a  prac- 
tical operation,  and  never  under  the  ordmary  steam-boiler.  The  latent 
heat  absorbed  by  the  gases  from  bituminous  coals  keeps  their  masses  at  a 
black  heat  as  long  as  such  gases  continue  to  be  the  chief  materials  burned. 
They  take  up  the  heat  which  would  otherwise  be  employed  in  raising  the 
temperature  of  the  fuel,  and  rendering  it  fit  to  heat  by  radiation,  as  well  as 
by  contact  of  flame.  Hence  it  happens  that  even  when  bituminous  coals 
take  fire  promptly,  they  do  not,  until  after  the  lapse  of  a  considerable  time, 
bring  the  boiler  to  its  medium  activity.  For  the  Newcastle  coal,  this  pe- 
riod was,  on  an  average,  0.837  hour,  or  about  50  minutes. 

The  coke  left  unburned  was  10.G9  pounds  at  each  trial — about  double 
as  much  as  for  several  of  the  Virginia  coals. 

In  the  anchor-shop  this  coal  burned  well,  made  a  good  hollow,  fire, 
produced  but  little  cinder,  and  exhibited  no  tendency  to  deteriorate  the 
iron. 

In  the  chain-shop,  60  pounds  put  in  15  links  of  a  chain  l-J  inch  in  di- 
ameter. It  worked  well,  and  gave  a  small  quantity  of  cinder.  Between 
the  Liverpool  and  Newcastle  coals,  the  difference  obtained  in  the  chain- 
shop  corresponds  very  nearly  with  that  deduced  from  evaporation ;  the 
Liverpool  put  in  13  links,  and  a  pound  made  but  7.84  pounds  of  steam 
from  212^;  the  Newcastle,  as  above  stated,  put  in  15  links,  and  evapo- 
rated 8.65  pounds  of  water  from  the  same  temperature. 


been  made  respecting:  the  preaent  sample  of  coal,  I  may  cite  the  experiments  of  Mr.  Richardson, 
who  found  the  ridi  coking  coal  from  Garesficld,  near  Newcastle,  to  contain,  after  being  thoroughly 


dried — 

87.9.52  parts  of  carbon. 
5.239  parts  of  hydrogen. 
5.416  fjarts  of  oxyeen  and  azote. 
1.393  |»artB  of  ashes. 

1(K). 
Or,  deducting  ashes,  the  other  ingrcdienU  have 


to  each  other  the  relation  of — 

Carbon       -  -  -    89194  =:  14865 

Hydrogen  •  -  -      5.313  =   5.313 

Oxygen,  Ac  -  -     5.493=  0.666 


Of  coking  coal  from  South  Ilctton,  he  found  the  compoatWI 

Carbon            ...  -  83.274 

Hydrogen        .            -            -  -  5.171 

Oxygen  and  azote       -            -  -  9.036 

Ashes              -           .           -  .  2.519 


100. 


Dednetiqf  f 
Carbon 

OxyiB 


My  specimen  will  be  found  to  have  been  much 
of  Mr.  Kichardson. 
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Nature  of  the  data  furnished  by  the  rcapectiTe  tables. 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours        .  .  • 

Area  of  grate,  in  square  feet       -  -  ->  • 

Area  of  heated  surtaoe  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  oonsumea         .  .  . 

Pounds  of  coal  widiidxavn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  sup]died  per  hour,  during  st«uly  action  - 
Pounds  of  coal  per  square  foot  of  grate  sur&ce.  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounos  of  coal 
Pounds  of  Clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to 
restore  level    ------ 

Deduction  for  temperature  of  water  supplied  at  the  end 

of  experiment,  in  pounds 
Pounds  of  water  evaporated  per  hour,  durii^  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surfiuse  per 
hour,  by  one  calculation         .... 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 
observations   ------ 

Water  evaporated  by  1  of  coal,  fh>m  initial  temp,  (a) 
final  result       ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 
during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  during 

steady  pressure  -  -  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  tcitiperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  heiglit  of  Ixu-omelcr,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mciui  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gau|re,  in  inches 
Mean  temperature  of  dew  point,  by  calculation  - 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  l^tween  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 
in  cistern        ------ 

Water  to  1  of  coal,  frojn  212^,  corrected  for  temperature 
of  water  in  cistern      -  -  -  -  - 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212'',  to  1  pbtind  of  combustible  matter  of 
the  fuel  ------ 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  the  furnace  bridge 
Indhes  opening  of  damper,  (U.  upper.)  -  -  - 


IstTrid. 
TMe  (CLXXI.) 


M.667 
6.988 
14.07 
377.5 
18.75 
9.0 
900.75 
895.00 
5.75 
50.041 
110.49 
7.859 
5.93 
4.8315 
84.479 
7999.0 
85O.0 

970.0 

34.0 
930.98 
14.88 

9.465 

9.469 

8.1095 

8.419 
7.707 


aiTriiL 
(Ttk.  CLZU] 


86'> 

77? 

269^. 

318^. 

230\ 

83  ^ 

30. 

5. 

0. 

0. 

74^. 

182°. 

87°. 


.92 
.42 
.46 
.23 
.38 
.19 

.i:« 

.098 

.5471 

.3377 

.32 

.54 

84 


8.0749 

9.0706 
453.90 

9.6424 
1.4538 
6.7014 

Open. 

U.      8 


7. 

94.01 
6.«l 
14.07 
377.5 
16.75 
11.0 
1191.0 
IIIO.O 

n.o 

50.95 
197.51 
9.063 
5.693 
9.86B9 
50.3K 
6715.0 
89».7 


.0 


67.0 
1001.07 
16.01 

9.651 

2.658 

7.791 

7.849 
8.0221 

83^60 

74^.87 

30P.S0 

363^47 

231^.07 

79^6 

30.074 

0.54DO 
0  3961 
71«>.80 
2180.90 
134<'.30 

7.7591 

8.7308 
444.84 

9.2579 
1.4519 
6.6749 

Closed. 

U.      8 
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Sd  Trial. 

4thTriaL 

AveragM. 

Tfc  CLXXIII.) 

(Tfl.  CLXXIV.) 

vftptttnbtT  o» 

8epiembtr9, 

S4.167 

26.167 

7.25 
14.'07 

6.333 

14.07 

377.5 

377.5 

18.75 

18.76 

10.0 

lO.O 

1031.5 

1022.5 

1009.0 

1009.0 

13.5 

13.5 

10.69 

51.075 

51.121 

60.772 

100.10 

114.08 

113.05 

7.113 

8.108 

8.034 

5.612 

5.483 

5.6795 

2.5124 

2.3637 

3. 1442 

44.761 

43.105 

65.6835 

7402.0 

7883.0 

79^.1 

790.0 

898.0 

632.0 

117.0 

83.0 

667.17 

840.36 

aw. 72 

10.67 

13.44 

13.75 

1.767 

2.226 

2.277 

1.775 

^P  •  ^W^V^B 

7.22 

7.73 

7.7126 

6.664 

7.366 

7.5745 

8.571 

8.0854 

8.0964 

800.07 

820.79 

7lo  21 

690.43 

3590.29 

3320.84 

3150.84 

3260.79 

4080.07 

3540.14 

2300.64 

2310.79 

740.57 

770. 36 

30.121 

30.131 

5.17 

5.128 

0.5401 

0.5442 

0.2728 

0.3708 

0.3443 

•     670.57 

630.60 

2790.22 

1500.07 

2070.51 

960.07 

180O.0 

1240.55 

7.1946 

7.7028 

7.6828 

8.1243 

8.6975 

8.6558 

414.95 

444.66 

439.59 

8.6074 

9.202 

9. 1777 

1.4201 

1.4356 

1.4404 

6.2049 

6.433 

6.5035 

CloMd. 
U.      4 

Open. 

xfTs 

Ronuurks* 


Omitting  the  third  trial,  there  ia  a  progrettire 
incrcnse  of  temperature  in  the  escapinr  gasea, 
due  to  the  coatmg  on  the  flues.  'Phe  &d  line, 
below,  ehowg  that  there  is  also  a  progressive 
dijninution  of  evaporative  effect  in  the  Is t)  2d) 
and  4th  trials^ 


The  diminutidti  of  effect  on  the  3d  trial,  whetf 
the  damper  was  drawn  but  4  inches,  is  in  ae^ 
Gordanoe  with  what  hat  been  noticed  several 
times  before* 


I 


■Mi 


Mik 


I 
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Remarks  on  the  preceding  table  ofdedueiums. 

With  the  air-plate  closed,  and  damper  drawn  8  inches,  the  rate  of 
evaporation  on  the  second  day  of  trial  (September  7th)  was  16.01  cabic 
feet  of  water  per  hour,  while  on  the  third  trial,  (September  8th,)  with  the 
air-plate  likewise  closed,  and  the  damper  drawn  only  4  inches,  the  evq»- 
ration  was  10.67  cubic  feet  per  hour.    The  fisdling  off  in  rapidUjfoitinf' 
oration  is  therefore  33.3  per  cent.  It  appears  also  that  the  fuel  was  banm 
with  less  economy  on  the  third  than  on  the  second  day  of  trial.    Son 
line  (43d)  shows  the  evaporative  effect  of  1  of  combustible  matter  to 
have  been  9.2579  on  the  second,  and  but  8.6074  on  the  third.     TbfB^ 
ference  amounts  to  7  per  cent,  of  the  larger  number.    The  dense  sBwIn 
which  passed  out  of  the  chimney  on  the  third  trial,  fsee  column  of  ^le- 
marks,"  table  CLXXllI,)  indicates  the  cause  of  this  aiminution  of  osebl 
effect.    The  slow  passage  of  air  towards  the  grate,  retarded  as  it  vai  bj 
the  pavtly  closed  damper,  caused  it  to  arrive  there  with  a  temperature,  oo 
the  third  day's  trial,  of  359^,  instead  of  301^,  which  the  air  bad  ponowed 
on  the  preceding  day. 

The  longer  continuance  of  the  products  of  combustion  about  the  ab* 
sorbing  surfaces  of  the  boiler  caused  them,  on  the  contrary,  to  quit  the 
horizontal  flue,  and  pass  into  the  chimney  with  a  mean  temperatoie  of 
only  326^.8,  instead  of  363^.6,  as  on  the  preceding  day.  Prom  diis  last 
remark  it  appears  that  we  cannot  refer  the  loss  of  useful  effect  to  tiw  sa- 
pehor  temperature  of  the  escaping  gases.  It  must  be  sought  for  in  the 
imperfection  of  the  combustion  carried  on  in  the  furnace,  while  the  smoke 
was  throttled  by  the  damper  drawn  only  4  inches. 

The  fourth  trial,  with  damper  drawn  8  inches,  and  the  air-plate  open, 
was  intended  as  a  repetition  of  the  first,  and  was  designed  to  afford  the 
means  of  ascertaining  what  effect  the  sooty  lining  of  the  flues,  derived 
from  three  days'  previous  combustion,  would  produce  on  the  heat-absorb- 
ing power  of  the  boiler.  That  effect  is  apparent,  both  in  the  temperature 
which  the  products  of  combustion  carried  to  the  chimney,  and  in  llie 
evaporative  power  of  the  unit  of  combustible  matter.  They  are  seen  at 
lines  30  and  43 ;  in  the  former  of  which  it  is  shown  that  the  gases  reach- 
ed the  chimney  during  the  first  trial  at  318^.23,  and  during  the  fmnth 
at  408^.07  *,  and  in  the  latter,  the  evaporative  power  is  found  to  have 
been  9.6424  on  the  first,  and  but  9.202  on  the  fourth.  The  difference 
(0.4404)  is  about  4.6  per  cent,  of  the  useful  effect  derived  from  the  fuel 
when  the  flues  were  entirely  clean.  To  know  whether  the  higher  tem- 
perature of  the  products  of  combustion  is  adequate  to  account  for  the 
lower  evaporative  efiiciency  of  the  combustible  matter,  it  may  be  assumed 
that  the  weight  of  air  equivalent  in  its  capacity  to  absorb  heat  to  that- of 
the  products  of  combustion  from  1  pound  of  combustible  matter  of  this 
coal,  was  the  same  as  that  found  on  the  fourth  trial  of  Liverpool  coal,  viz: 
19.888  pounds.  As  the  gases  passed  away  89^.84  hotter  on  the  fourth  day 
than  on  the  first,  and  as  the  specific  heat  of  air  is  0.267,  the  following  com- 
putation gives  the  evaporative  power  of  the  heat  thus  expended,  viz : 
(19.888x89.84x0.267)  + 1030  =  0.4632.  This  proves  with  sufficient 
exactness  that  the  cause  assigned  is  amply  sufiicient  to  account  for  the 
effect  observed^ 
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No.  6. 

Otis  coal  from  Scotland^  procured  for  trial  and  comparison  with 
lerican  coals^from  Messrs.  Laing  8f  Randolph^  New  Yo7'k. 

xterior  appearance  of  this  coal  varies  in  the  different  specimens. 
J  it  is  that  of  ordinary  cannel,  with  its  dullness- and  almost  total 
lustre,  its  conchoidal  fracture,  and  absence  of  any  visible  lines 

the  surfaces  of  deposition?    In  others,  the  foliated  texture  and 

or  shining  lustre  of  splint  coals  prevail.  In  these,  the  surfaces 
ition  are  completely  defined,  and  fractures  coincident  with  them 
stained.  Carbonate  of  lime  and  magnesia  (appai^ntly)  fill  up  the 
,  forming  numerous  little  dikes  dividing  the  coal  into  small  blocks, 
racters  of  cannel  and  foliated  bituminous  coals  are  sometimes 
n  the  same  specimen.     Hence  it  is  inferred  that  the  sample  was 

from  a  mine  where  these  characters  co-exist.  It  seem's 'probable 
siderable  diversity  exists  in  the  composition  of  different  plies  of 
I  or  bed  from  which  it  was  derived. 

ne  of  our  western  States,  similar  diversities  in  the  appearance  of 
ti  the  same  bed  are  to  be  met  with. 

pecific  gravity  of  one  specimen  (a)  was  found  to  be  1.6834 ;  that 
or  {(j)  was  1.4562.  By  th^mean  of  these,  the  calculated  weight 
c  foot  is  94.955  pounds.  Thirty-eight  trials  in  the  charge-box 
he  actual  weight  to  be  61.092  pounds,  or  0.638  of  the  calculated 

The  space  for  stowing  1  ton  is  43.843  cubic  feet.  The  maxi- 
eight  of  a  cubic  foot  by  trial  was  66.375,  and  the  minimum 
»ounds.  The  mean  of  these  two,  61.26,  is  very  near  the  above 
of  the  whole  number  of  charges. 

Qoisture  found  in  specimens  a  and  b  was  precisely  the  same,  viz: 
r  cent.  By  exposure  for  four  days  in  the  steam-drying  bath,  28 
of  this  sample  lost  13.6  ounces,  or  3.013  per  cent, 
ulphur  in  b  was  0.3582  per  cent. ;  and  the  volatile  matter,  other 
»isture,  expelled  by  coking,  was  37.281 ;  while  that  from  a  was 
«r  cent. 

earthy  matter  in  a  was  12.326,  and  that  in  b  14.87  per  cent, 
ire  have  the  composition  of 

noisture  .  -  - 

sulphur    -  -  - 

3ther  volatile  matter 
earthy  matter        -       *    - 
ixed  carbon 


SpfcimeD  a. 

SpMimra  i. 

2.049 

2.049 

(not  tried) 

0.368 

28.311 

36.923 

12.325 

14.870 

67.316 

46.800 

100. 

100. 

Volatile  to  fixed  combustible        ^  1  :  2.0246  -1  :  1.2286 

men  b  had  an  aspect  decidedly  like  that  of  cannel  coal,  and  was 
interspersed  with  laminae  of  carbonate  of  lime  in  the  partings, 
ncinerations  of  6,  (in  which  portions  of  the  powder  were  placed  in 
'erent  platinum  cups  in  the  same  mufiie,)  the  cup  which  had  been 
ottest  part  had  lost  more  than  any  of  the  rest,  and  the  per  centage 
ue  followed  the  reverse  order  of  the  temperatures  to  which  the 
33 
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cups  had  been  exposed.  The  order  is  that  of  the  following  numbers, 
beginning  with  that  which  had  been  in  the  hottest  part:  13.86,14.97, 
15.10,  and  15.39.  The  complete  reduction  of  carbonaceous  matter  does 
not  necessarily  imply  the  entire  decomposition  of  the  earthy  carbonates, 
for  which  a  very  strong  heat  is  generally  required.  If  hydrated  argilia-^ 
ceous  substances  exist  in  the  earthy  impurities  of  the  coal,  they  may  re- 
quire a  still  higher  temperature  to  expel  the  last  portions  of  water. 

The  volatile  matter,  including  moisture,  obtamed  frona  two  specimeDS 
of  this  coal,  tried  by  Doctor  King,  amounted  to  41.85  per  ceut 

The  weight  of  coal  burned  during  the  four  trials  of  evaporative  power, 
was  3,860  pounds.  The  ashes  withdrawn  were  175.6,  the  clinker  220.85, 
and  the  soot  24^75  pounds.     When  completely  reincinerated,  the 

Ashes  lost  13.923  per  cent.,  leaving  151.07  pounds  of  incombustible  matter. 
Clinker''    8.67        ''  «       201.15  «  «  « 

Soot       "  54.67        «  «         11.05  "  «  « 


In  all      -  .  -         363,27  «  « 

From  which  taking  the  ashes ")  „  q.>  ^^  ,<  „ 

of  921.25  pounds  of  wood  -y—    ^'^ 

Leaves  the  incombustible  mat- ")      ^^.  ..  ,        ^  ooto 

ter  from  the  coal  alone       -  |=3g0.44  pounds  =  9.33T8  per  cent 

Prom  these  data  may  be  derived  the  following  composition  of  the  coal 
of  this  sample : 

Moisture,  from  28  pounds        -  -  -  -  ^    3.013 

Other  volatile  matter  (2  specimens)  -  -  -  38.837 

Earthy  matter,  from  3,860  pounds  .  •  -  9.33S 

Fixed  carbon,  by  diflerence    -  -  *  -  48.812 


100. 


Volatile  to  fixed  combustible  1  :  1.2569. 

The  ashes  weighed  per  cubic  foot  47.94,  the  clinker  39.87,  and  the  soot 
8.65  pounds. 

The  clinker  is  in  general  black,  with  sonic  whitish  portions  of  slaie 
adhering.  It  was  in  sheets  of  considerable  magnitude,  and  produced 
so  much  obstruction  of  the  grate,  as  to  require  removal  once  or  twice  in  the 
course  of  a  day's  operations.  The  slaty  portions  preserve,  in  many  speci- 
mens, the  original  forms  of  their  masses. 

The  color  of  the  residue,  after  reincinerating  the  pulverized  clinker, 
was  a  light  gray,  very  slightly  bordering  on  red  ;  of  the  ashes,  dark 
brown ;  of  the  soot,  light  yellowish-gray ;  while  that  derived  from  analy- 
sis was  of  a  dark  brown,  or  deep  "  ashen"  gray. 

A  trial  of  specimen  6,  with  the  oxide  of  lead,  yielded  22.7  of  lead  re- 
duced by  1  of  raw  coal  employed  ;  and,  deducting  0.16919  for  moisture 
and  ashes,  this  gives  27.03  of  lead  to  1  of  combustible.  Had  the  whole 
combustible  matter  been  carbon,  its  reductive  power  would  have  been 
0.83981x34  =  28.553.  Hence  the  actual  reductive  power  was  5.2  per 
cent,  less  than  it  would  have  been  had  the  whole  been  carbon,  instead  of 
containing  a  large  proportion  of  hydrogen. 
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Al  specimen  of  the  cannel  variety  was  submitted  to  analysis  with  the 
lie  oxide  of  c^per.    It  had  a  specific  gravity  of  1.2759  ; 

Possessed  of  moisture  (expelled  by  heating ")         ,  q/;^  ^^  ^^  . 
to  250^  for  half  an  hour)  -  -  f        ^'"^^^  ^^  ^®"^* 

Of  other  volatile  matter        .  -  -  35.586        " 

Of  earthy  matter      ....  2.707        " 

Of  fixed  carbon       .  -  .  •  60.342        " 


100. 


id  having,  therefore,  the  fixed  to  the  volatile  combustible  in  the  ratio  of 
i957  to  1. 

Of  this  specimen,  dried  in  fine  powder  as  above,  were  taken  7.64 
lins  ;  of  which  the  earthy  matter  was  0.2097  grain,  and  the  combusti- 
i  part  was,  consequently,  7.4303  grains.  Submitted  to  analiysis  with 
the  usual  precautions,  this  gave  of  carbonic  acid  22.6,  and  of  water 
rs  grains.    Admitting  6  to  be  the  atomic  weight  of  .carbon,  this  gives 

Carbon  -----        6.1636  grains. 

Hydrogen       .....       0.4166     " 

Of  which  the  sum      -  •  .  =      6.5802     « 

And  this  deducted  from         -  -  -        7.4303     '< 


Leaves  of  oxygen  and  azote  -  -  -        0.8501      << 

As  7.64  grains  of  dried  coal  are  equivalent  to  7.7457  grains  in  the  raw 
lie,  the  above  data  afford  the  following  as  the  ultimate  constitution  of 
18  specimen  in  that  condition,  viz : 

Moisture 

Carbon  -  .  . 

Hydrogen 

Oxygen  and  azote 

Ashes  ...  - 


DStituents  to  each  other  is — 

Carbon 
Hydrogen    - 
Oxygen,  &c. 


•                           • 

m                                  m 

•       1.366 
.     79.574 

-  6.378 

-  10.976 

-  2.707 

100. 

the  ralat 

82.962 

6.607 

11.441 

ion  of  the  remai 

=  13.8^  atoms. 
=   6.607     " 
=   1.430     « 

100. 

As  the  above  analysis  shows  the  total  carbon  in  the  raw  coal  to  be 

W7A  per  cent.,  and  the  previous  trial  had  given  the  fixed  carbon  equal 

60.9&,  it  is  evident  that  the  difference  (19.232)  must  have  been  the 
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portion  volatilized  in  the  process  of  coking ;  so  that  the  volatile  matter 
must  have  consisted  of 

Carbon         -  -        19.232  • 

Hydrogen    -  -         5.378 

t^xveen  and  azote   -       10.976 

In  35.586  parts  obtained  in  the  first  analysis. 

One  eighth  of  the  oxygen  in  the  raw  coal  is  1.372  grain  ;  which  de- 
iUicted  from  the  hydrogen,  (5.378,)  leaves  4.006.  Hence,  to  compute  the 
heatiii:;  power  of  the  raw  coal  by  Uespretz's  numbers,  we  have — 

For  the  hvdroeen      -  -       0.01U06  x  42552  =      1704.6 

For  the  carbon  -  -       0.79574  X  14040  =    11172.0 


The  sum  of  these       •  -  »    12876.6 


( 


And  diis.  divided  by  the  degrees  expressing  the  latent  heat  of  the  va- 
|vor  ot  water,  ^1^30-,)  gives  12.501  pounds  of  water  which  ought  to  hare 
been  evaporated  from  212^^  by  one  pound  of  the  raw  coal,  on  the  supposi- 
t:^!i  tUat  the  whole  heating  ix)wer  had  been  employed  in  producing  thai 
t  d'eoc ;  whereas  the  maximum  eirec{g|f  one  pound  of  the  coal  bum«i  un- 
tier  the  steaiu-boiler  was  but  7.47^and  the  average  of  four  trials  only 
O.^Mo  jxMinds  of  steam  generated  from  that  temperature. 
Hy  adopting  the  numbers  of  Dulong,  we  have — 

T  .e  heatin?  power  of  the  hydrogen  -       0.04006  X  62535  =      2505 
••     ^  "  carbon       -       0.79574x12906=    10270 


<.\-  ihe  total  healing  power  is         -  -  -  -     12775 

">.->  <!'i.nvs  siill  a  wide  departure  from  the  practical  result.  Expressed 
:    t  v.i:>*riiLve  eilioiency,  it  amounts  to  12.402,  instead  of  12.501,88  above. 

l» V  ri:'en*noo  to  the  table  exhibiting  the  analyses  of  gases  drawn  from 
'.'c  o'-.:mney«  it  will  be  seen  that  three  trials  on  that  subject  were  made 
V. .  ..;•  burning  the  Scotch  coal ;  and  under  the  title  of  deduclions  relntive 
'  :'":  v-'ii:j/ii'  poinr  of  fuel^  in  the  same  table,  will  be  found  the  evapora- 
■.  \c*  ivwor  of  the  heat  employed  on  all  the  absorbents;  that  is,  on  thees- 
•  Vj*.::^  i:asos,  the  water  fnmi  combustion,  the  hygrometric  moisture  of  the 
A  r.  .i:kI  the  water  in  the  boiler.  The  average  number  is  8.464,  and  the 
r..,i\::num  S.>t»>.  These  numbers  would  be  increased  to  9.7412  and 
\  0  Ay*,  by  computinsr  lor  one  of  combustible  in  the  coal  burned ;  that  is,al- 
I  r  .;;\;L;.':in4:  o.013  tor  moisture,  and  10.098  for  mean  amount  of  waste 
'..  u  *itUT  \W  tiro  was  extinct. 

T-o  luMiinj:  jx^wer  ol  one  of  combustible  in  the  analysis,  is  found,  iu 

NO  '.u;iinu'r,  by  deducting  the  moisture  and  ashes  found  in  the  specimen 

^^s.;\  ;\;.  .xiu:  .iividinir  by  the  remainder  the  numbers  alread v  sriven.     Tliii^, 

\     0  r  ^>:-j      0  9oWS :  and  rife76  +  0.95928  =  1342:j,  by  the   numbers 

^  '   IVxivvi:  ,  ri:::i  ^0.95928  =  13317,  by  those  of  Dulong. 

1'  tu»;];  i!\o  moati  of  these  (13370)  be  deduced  the  evaporative  power, 
u  rtiu.^^ims  to  12,9S;  ftom  which  taking  10.206,  the  remainder  (2.774)  will 
1*0  \\5  Tit'o  fcx  cent,  of  that  mean.  We  cannot  suppose  this  deficiency  to 
Im\o  Ihh^u  duo  10  the  carbon  wasted  in  the  smoke,  since  the  amount  of 
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^Tolatilizable  caAon  altogether  is  but  19.232  per  cent  of  the  coal,  or  20.048 
per  cent,  of  the  ^mbustible  matter. 

From  the  proP)rtion  of  the  three  combustible  ingredients  already  pre- 
sented, the  separate  calorific  and  evaporative  powers  of  the  carbon  and 
hydrogen  are  deduced,  as  follows,  from  the  numbers  given  by  Dulong: 
(0.82952  X  12906)  + 1030  =  10.393  of  steam  from  the  carbon  in  1  of  com- 
bustible ;  and  (0.04177  x  62535)  +  1030  =  2.636  of  steam  fix)m  the  hy- 
drogen in  1  of  combustible.  And  as  we  have  obtained,  by  experiment  in 
ihe  large  way,  10.206  of  steam  power  from  1  of  combustible,  it  should  seem 
(if  Dulong's  number  can  be  relied  on)  that  the  weight  of  carbon  in  this 
coal  is  the  measure  of  its  heating  power. 

When  tried  in  the  anchor-shop,  this  coal  was  found  to  give,  at  first,  a 
great  deal  of  flame,  which,  however,  was  soon  gone.  The  fire  then  fell 
rapidly  away ;  would  not  retain  the  arched  and  hollow  form  suitable  for 
luze  work ;  became  <^  dirty,"  giving  a  great  quantity  of  cinder.  The 
jadgment  formed  of  it  in  this  shop  was  very  unfavorable. 

In  the  chain-shop,  60  pounds  were  sufficient  for  making  only  10  links 
of  a  chain  If  inch  in  diameter.  The  same  complaint  was  made  here 
as  Id  the  other  shop,  relative  to  its  making  a  '^  dirty"  fire,  and  giving  a 
laive  proportion  of  cinder. 

it  ignites  promptly,  gives  a  densq  flame,  and  heavy  smoke  from  the 
chimney-top.  It  does  not  swell  much  in  coking,  nor  agglutinate  its 
masses  very  firmly  together.  This  allows  considerable  portions  of  the 
£ne  coke  to  pass  through  the  grate.  The  average  time  required  for  bring- 
iogthe  boiler  to  steady  action  was  0.958  hour. 

The  weight  of  coke  left  after  each  trial  was  5.75  pounds. 

The  discussion  of  the  measure  of  heating  power,  contained  in  the 
present  description,  may  serve  to  show  the  bearing  upon  each  other  of 
the  several  modes  of  testing  coals.  It  is  to  be  regretted  that  an  oppor- 
tanity  has  not  yet  occurred  of  subjecting  all  the  samples  of  coal  to  the 
same  species  of  analysis  on  the  organic  method,  and  with  mixtures  firom 
fragments  of  many  specimens,  in  order  that  the  average  ultimate,  as  well ' 
as  proximate  constitution  of  each  may  become  known.  The  earnest 
desire  repeatedly  expressed  by  the  department  to  be  in  possession  of  the 
results  of  these  experiments,  and  the  want  of  further  appropriations  to 
prosecute  this  important  research  to  its  proper  termination,  has  hitherto 
precluded  the  possibility  of  accomplishing  this  purpose  in  the  manner 
oiiginally  designed* 
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39 

Water  ia  boiler  lelt  ai  0.3  Incb  abofe  normal  level. 

60.4 

lifts 

-30 

Wstei  in  boiler  0,S6  inch  below  normal  level. 

•  " 

6!t.4 

110.6 

—86 

- 

Water  Id  boiler  adjusted. 

RESIDUA.  p,„^ 

Clinker liS.SS 

Aahei 4«.O0 

Aslwibebiad  bridge 1.7tt 

^  .              ,     ,.  "•■» 

Deduct  wood  ashes 0.S13 

ToUl  waste  of  coal llO.eSI 

Coke 7.S5 


«•* 


OMNKSm 


TAWttt  rtf-ltfiff^ 


;#-i 

i&tedMj 

Hoot. 

„„.„,..- o,™ 

,i 

i 

1 

a 

i 

£ 
1 

i 

£ 

1 

1 
1 

li 

1 

1 
1 

•s 

Due. 

h 

s 

i_ 

1 

3_ 

1 

1 

1 

Aug.  23 

&.a6 

76.  S 

71 

167 

183 

76 

OT 

n 

30.0b 

0.351 

7.01 

o.n 

- 

-■ 

7.00 

74 

69 

176 

2G& 

76 

"^ 

71 

30.05 

0,523 

6.33 

0.30 
0.31 

wo 

ioa,n 

9B*i 

"lAO 

74.'6 

eg* 

"m 

■jjs 

'76' 

833 

71' 

"solos 

'o\m 

slii' 

9.00 
8.30 

76 
76 

70 

186 
303 

330 
312 

76 
76 

933 

72 

30.  Oj 
30.05 

0.&4-; 

0.551 

5.10 
5  06 

0.33 

5M 

lOO.M 

ii'.Sh 

■sie" 

i«!» 

9.15 

78 

70 

2J8 

39ti 

1& 

23:t 

73 

30.oe 

0.541 

5.16 

0.30 

118d 

103.50 

10.00 

SO 

71 

358 

314 

75 

232 

74 

30.06 

0.519 

S.08 

0.34 

2141 

IW.TS 

10.30 

811.5 

71.5 

207 

344 

■55 

232 

75 

30.05 

0.539 

5.18 

0.33 

2tafl 

ins.3S 

11.15 

fi3 

73 

276 

314 

75 

433 

76 

30.07 

0.539 

5.18 

0.35 

3231 

!W.» 

0.00 

S5 

74 

395 

32>- 

76 

23:) 

76 

30.0G 

0.531 

5.96 

0.39 

3!»9 

106.5(1 

0-30 

M 

73 

998 

371 

75 

232 

TT 

30.06 

0.543 

5.14 

0.3t 

433* 

1.00 

1.30 

S4 

94.5 

74 
73 

30H 
311 

366 

76 
78 

333 
333 

78 

30.06 
30.06 

0.936 

0.53r 

5.90 
5.30 

0.35 

4T61 

VIA 

0.93 

'49U' 
54G4 

- 

2.Vb 

HS" 

74" 

'iii) 

■310 

'ts' 

iSi 

■78 

M^OJ 

o'sig 

k'.SS 

3.15 

SI 

71 

312 

363 

76 

23< 

79 

30.  W 

O.507 

5.50 

O.SO 

55» 

- 

Aug.  2i 

6.i0 

69 

S7 

ifia 

182 

78 

aif 

78 

30.04 

0,381 

6.74 

0.13 

5587 

6.45 

71 

r,7 

ir 

171^ 

7n 

^10 

73 

30.04 

0.353 

7.02 

0.12 

G0I7 
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SCOTCH  COAI,. 

Ittan  thrown  into  cMmtui/,  tmd  amali  Jvmace  in  aetion. 


SS6 


i 

H 

3 

i; 
f 

il 

% 

p 

|!i 
III 

a 

it 
1" 

REMARKS,— Qrslesurhce  14,07 sqnara  feel;  lenijlh  of 
circuii  or  heated  gase^  121   fed;  helshl  of  cliimner 
63  Icel. 

A-m. 

7.00 

7.90 
7.M 

68.(5 

66.6 

'«l!4 
67.3 

67.3 

H7.3 
S7.8 
69.2 

70.0 
68.0 

70.4 

no.5 

lO-J 

"m.i 

110 

IBS 

150 
178 

193 

aio 

S14 
3U 

-26 

+38 

SO 

SIT 

_ 

1.033 
2.0Gh 

Morning  domly;  wind  NW.,  lighi;  commenced  firing; 

wjier0.06  inch  abuve  nuni.al  [e»e1. 
Wood  consumed,   118  lbs.;  comineoced  ebarging  wiih 

coal. 
a«m  blows  uffai7i.lO«.  a.m. 

a.sn 
9.15 
10.00 
10.50 
11.37 

0.00 

l.(» 

109 
63 
8d 
112 
111 

95 
139 

155 

3.857 
1.89- 
2.339 
2.633 
3.09H 

■2Ai6 

a.iu9 

2.394 

Filled  innk  at  S\.  In.  a.  m. 

CoBl  ia  drying  appatsius  weighed 37  lbs.  3)  o». 

Bue;  drew  in  3]  uimitle;  100  cubic  inrhes  whi^ti  gsre 
waier  0,74  graio,  cirbonic  acid  5.79  grains,  my gca 
13.1-J5  cubic  Indies;  smnke  Bl  OA.  30n.  p.  ro.  17.&^ec- 
onds  to  chimney  top;  syphon  0.35. 
Clinker  rcmoired  from  gfaie  twice  m-ilsyi  stm  shlnine- 

- 

6S.9 

70.0 
66.9 

66.0 
S4.!) 

336.5 

231 

113 
lOS 

133 

78 
133 

-34 

1. 149 
1.695 

Filled  lankj  eonienis  of  ash  pn  thrown  on  grate. 

Damper  redaced  to  4  inchc. 

Water  in  boiler  lelt  tit  0.15  inch  above  normal  level:  wind 

SE;cbndy. 
Wiler  in  boiler  OJ^  inch  below  normal  level. 
W»tef  IS  boiler  adju-ted.   * 

Clinker C5.0 


Total  waste  from  coal.. 

Coke 

Soot 


TABLE  GLXXXr-DEDimnOWnflll 


Natun  of  (he  data  fUniuhod  by  thi  re«pceiiT«  Ubtat. 


ls(  Triol. 
[Ta.   CLXXri.) 


UTmI. 


Total  duradon  of  the  exporiaMOt,  in  haim 
Duration  of  aUfedy  .oetiMi,  in  hoon        .  .  - 

Area  of  gnu,  to  muare  feet       >  -  •  - 

Area  of  Wlad  aariaoe  of  boiler,  in  Mioare  b«t  - 
Ana  of  boikr  Bxpoasd  to  direct  ndiation,  in  aqoara  tbet 
Ninnbcr  of  cfaugM  of  eoal  tnpplitd  to  pala 
Total  weii^t  of  cotl  mpplied  to  gnu,  m  poundi 
Ponsdaof  ooal«ciwllf«OMUiMa         .  -  . 

Pounda  of  ooal  wilb4l««B  ud  a^wratad  after  trial 
Hean  waUit,  In  pooada,  of  ods  cdUc  Ibot  of  ooal 
Pouada  Moaal  itqipfiad  pw  hour,  daring  Mndy  aclioa - 
Poundaof  ooal  per  iqnaralbotofpateaai&ea,  per  hour 
Total  w««te,ailieB  and  BliDfcar,  from  100  pofiiida  of  coal 
Pounda  of  dinkar  akna,  from  100  poonda  of  coa] 
Ratio  of  diokar  10  tha  total  tnaie,  per  Mnt 
Total  pooada  of  water  lopplied  lo  um  btnler 
Mmn  tampetatnn  of  water,  in  depeea  FUmmheit 
FtHinda  of  water  anpjiliad  M  the  end  of  experiment,  to 

retrtore  IcTel    ----.. 
Deduclioa  for  tentpBAaare  of  water  supplied  at  the  end 

of  experiment  la  pound*        -  .  ■  . 

Pounda  of  water  evapfl  wed  per  boot,  daring  eleadf  action 
Cubic  feet  of  water  per  hour,  durinf  atea^  action 
Poonda  of  water  per  aqpare  foot  la  heated  mrfte*  per 

hour,  by  one  ^culalion         .  -  ,  . 

Poundi  of  WBler  per  aqunre  fool,  by  a  mean  of  leTeral 

obeerratione    .-..-- 
■Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  reatilt      .---.. 
Water  er^raiated  fay  I  of  cool,  from  initial  temp,  (b) 

during  Bleady  action  -  -  •  -  • 

Pounda  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  betnw  ashpit,  during 

steady  preaaure  .  -  .  .  . 

Mean  temp,  of  wet  butb.  theimom . ,  during  steady  pressnic 
Mean  tampetotura  of  air,  on  arriving  at  the  grale 
Mean  temperaiiire  of  gaaea,  when  sjTiringat  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  itmperaiure  of  attached  IherrBoraeler 
Mean  heighl  of  barometer,  in  incbea       .  .  , 

Mt-au  number  of  Tolumes  of  air  in  mnnomeier  - 
Wean  height  of  mercury  in  manometer,  in  atmospherra 
Mean  height  of  water  in  ayphnn  draugbt-gnu^,  in  inchea 
Mean  lemperature  of  dew  point,  by  calcuiauon 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Meaji  mfTerence  between  Bteam  ami  escaping  gases 
Water  to  1  of  ooal,  corrected  for  temperature  of  water 

Water  to  1  of  coal,  from  3139,  corrected  for  lempemture 

of  water  in  cistern      .  .  .  -  . 

Pounds  of  water,  from  319°,  to  1  cubic  foot  of  coal 

Water,  from  91^,  to  1  pound  of  combualible  matter  of 

the  fuel  -----  - 

Mean  pressure,  in  olmosplieres,  obore  a  vacuum 
Meun  preBSura,  ul  pounds  per  aq.  inch,  above  atmosphere 
Condition  of  the  eir-pbites,  ai  the  furnace  bridge 
Inchea  opening  of  tUinper,  (U.  upper)   -  -  . 


fnguXlS- 
ae.333 
4.00 
14.07 
377,5 
18.75 
9.0 


8.09M 
1.4Sti5 
6-SS44 
Closed. 
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FABLES  CLXXVI,  CLXXVII,  CLXXVIII,  CLXXIX. 
Stoteh  coal. 


(m 


3d  Trial. 

4th  Trial. 

Averages. 

Remarks. 

r.  CLXXniL) 

(Ta,  CLXXIX.) 

JSugwi9Q. 

AvgvMiflS. 

23.917 

24.917 

5.5 

5.167 

. 

14.07 

14.07 

377.5 

377.5 

18.75 

18.75 

• 

10.0 

10.0 

1048.0 

1038.25 

1040.75 

1032.75 

7.25 

5.5 

5.75 

52.4 

51.9125 

51.031^ 

134.63 

142.95 

151  2925 

9.561 

10.16 

10.739 

10.63 

•   11.545 

10.0985 

6.062 

6.2745 

5.6315 

57.025 

54.348 

55.856 

The  high  proportion  of  clinker  renders  this  coal 

6043. 0 

6017.0 

very  inconvenient  for  use  under  the  steam- 
boiler. 

760.2 

76^.0 

442.0 

430.0 

« 

58.0 

56.0 

776.72 

855.59 

895.422 

12.42 

13.687 

14.324 

2.057 

i2.266 

2.394 

2.1336 

2.266 

6.7497 

5.7719 

6.158 

By  burning  this  coal  with  the  damper  dmwn 
only  four  inches,  a  considerable  reduction  in 

5.769 

5.985 

5.915 

evaporative  power  appears  in  the  column  of 

10.8702 

10.8283 

10.1926 

the  third  trial. 

790.42 

800.05 

72«».58 

710.68 

S89O.0 

2550.55 

240O.472 

a09'>.75 

340^.55 

3140.02 

9310.67 

232^.73 

740.83 

740.64 

30  033 

30.057 

6.161 

5.152 

0.5409 

0.5416 

0.295 

0.3062 

0.2965 

e9o.91 

680. 16 

1590.58 

1750.5 

159^. 19 

• 

8I0.O 

10«\25 

64^.94 

5.7311 

5.7532 

6.1376 

'^'   '     ^.4878 

6.5129 

fi.9457 

1,96 

338.1 

353. «02 

7.3629 

7.7189 

1.4248 

1.4255 

6.9737 

6.2839 

iJClbMi. 

1 

1 

u.  a 
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No.  7. 

Bituminous  coal  from  Pittsburg  y  Pennsylvania  j  sent  for  trial  by  Messrt 

W.  T.  Hepp  f^  (Jo.^of  New  Orleans. 

The  following  letter  relates  to  this  sample : 

<<  New  Orleans,  July  12, 1842. 
"  To  the  United  States  Navy  Agents^  Washington  city^  D.  C. : 

<<  Gents  :  We  take  the  liberty  of  forwarding  a  bill  of  lading  for  one  cask 
Pittsburg  coal,  as  a  sample,  which  we  believe  you  will  find  to  be  a  supe- 
rior article.  In  this  city  it  is  preferred  to  auy  foreign  coal  yet  introduced 
in  our  country,  and  superior  to  any  other  American  bituminous  coal  as 
yet  discovered.  The  article  has  been  fully  tested  by  the  steamers  running 
from  this  port  to  Havana  and  Texas. 

<<  We  propose  furnishing  the  Government  with  any  quantity  she  nuqr 
require  at  this  place  for  $6  60  per  ton,  or  at  Pensacola  at  $S  per  ton. 
Should  you  require  any  further  information,  we  shall  be'  happy  to  receive 
any  communication  on  that  subject  from  you. 

"  In  the  mean  time,  please  acknowledge  receipt  of  the  cask  of  coal,  and 
your  opinion  thereon. 

"  We  are,  very  respectfully,  your  obedient  servants, 

«  W.  T.  HEPP  &  Co." 

The  above  letter  was  not  received  until  after  the  experiments  had  been 
completed,  and  then  as  a  duplicate  in  answer  to  an  inquiry  made  relative 
to  the  origin  of  the  coal.  The  sample  consisted  of  about  two  hundred- 
weight— scarcely  enough  for  a  bare  trial  under  the  steam-boiler,  and  cer- 
tainly not  enough  for  a  full  development  of  its  properties. 

In  external  characters,  it  is  an  almost  exact  counterpart  of  the  New- 
castle coal  of  England.  It  has  the  same  resinous  lustre,  the  same  ex- 
hibition of  fossil  remains  and  carbonaceous  matter  in  the  surfaces  of  de- 
position, the  same  position  of  the  main  partings  at  right  angles  to  the 
surfaces  just  mentioned,  and,  of  course,  the  same  tendency  to  break  into 
cubical  masses.  It  exhibits  less  earthy  matter  in  the  partings,  and  sel- 
dom shows  any  trace  of  pyrites  on  the  surface.  Other  resemblances  will 
be  observable  in  the  following  description  of  analyses  and  tests  to  which 
it  was  subjected. 

The  specific  gravity  of  one  specimen  (a)  was  1.23,  that  of  another  (b) 
1.2747;  the  mean  of  which  affords  the  calculated  weight  per  cubic  foot 
78.275  pounds.  Two  trials  only  could  be  made  in  the  charge-box,  the 
mean  of  which  affords  the  weight  per  cubic  foot  46.8125,  or  0.698  of  the 
calculated  weight.  The  calculated  space  for  the  stowage  of  a  ton  is  47.S5 
cubic  feet.  The  moisture  found  in  the  two  specimens  was  exactly  the 
same  in  amount,  being  1.397  per  cent.  Of  volatile  matter  other  than 
water,  a  gave  32.783,  and  b  30.293  per  cent. 

The  sulphur  in  b  was  0.1598  per  cent.  0 

Five  trials  by  Dr.  King  gave  a  mean  result  in  volatile  matter  of  38  per 
cent  These  were  all  conducted  on  the  plan  of  rapid  coking,  and  gave, 
doubtless,  higher  proportions  of  volatile  matter  than  if  the  process  had 
been  carried  on  more  gradually. 
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In  spectmen  tf,  the  earthy  matter  by  four  trials  was  4.1T,  and  in  6  by 
eight  trials  it  was  3.26  per  cent.  The  composition  of  these  specimens 
may,  tiierefore,  be  stated  as  follows  c 

specimen  a.  Specimen  b. 

The  moisture  was       -           -  -      1.397  1.397 

sulphur  ...  -  (not  tried)  0.160 

other  volatile  matter        -  -    32.783  30.133 

earthy  matter       -            -  -      4.170  3.260 

fixed  carbon        -           ^  ^     61.650  65.060 


100.  100. 


Volatile  to  fixed  combustible  1 : 1.8805  1 : 2.1473 

And  the  mean  of  these  two  is  1 : 2.0139 

.  During  the  single  brief  experiment  on  evaporative  power,  the  weight  of 
coal  consumed  was  20S.3S  pounds ;  the  ashes  derived  fit)m  it  16.6,  and 
the  clinker  2  pounds,  while  the  soot  from  the  flues  was  1.75  pound. 

The  ashes  lost  by  reincineration    *•  -  -    21.123  per  cent. 

The  clinker 13.240      " 

The  soot    .  -  -  -  -  -    37.650      « 

Making  these  reductions,  and  deducting  0.311  pound  of  wood  ashes 
fiom  101.5  pounds  of  wood  used  in  commencing  the  experiment,  there  re- 
main 14.741  pounds  of  incombustible  matter,  which,  divided  by  208.38, 
gives  7.0741' per  cent ;  which  shows  that  the  earthy  matter  in  the  speci- 
mens above  analyzed  was  but  about  half  as  much  as  the  average  of  the 
aaoDplei 

The  ashes  from  the  analyses  of  this  coal  were  of  a  grayish  or  yellowish 
white  color ;  the  pulverized  and  reincinerated  clinker  was  of  a  slightly 
led  or  reddish -gray  color;  the  residue  of  the  ashes  was  nearly  of  the  same 
tint,  after  a  hke  treatment ;  and  the  soot  gave  a  light  drab  or  dirty  white 
rasiduum.  There  appeared  very  httlo  tendency  in  any  of  the  specimens 
of  clinker  to  vitrification,  or  the  formation  of  conerent  masses. 

This  coal  ignites  quickly  and  burns  freely ;  it  swells  but  little,  and  pro- 
dttees  a  coke  moderately  coherent. 

Two  trials  on  specimen  b  were  made  with  the  oxide  of  lead,  resulting 
in  giving  for  the  first  27.870,  and  for  the  second  27.215  parts  of  lead  re- 
daced  to  1  of  coal  employed. 

Deducting  0.01397  for  moisture,  and  0.036  for  ashes,  the  combustible  is 
0.96343 ;  by  which  dividing  the  mean  of  the  above  two  weights  of  lead, 
the  result  is  28.887. 

The  sample  did  not  afford  a  sufficient  quantity  for  trial  either  in  the 
nuth's  fires,  or  in  grates  for  domestic  purposes. 
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TEHFEBJITBEB  Of  THE 

i 

£■ 

1 

i 

Hoot. 

t 

1 

.3 

S 

1. 

li 

1 

1 

Dale. 

s 

P 

li 

1   . 

il 

li 

1 

1 

3 

t 

i 

L 

L 

S 
^ 

1 

L 

s 

1 

1 
1 

i 

1 

i 

La. 

■i» 

Not.   9 

10.05 

42.5 

40 

197 

m 

40 

214 

41 

30-3^ 

0.377 

e.79 

a,» 

W.50 

4S 

43 

176 

23fi 

40 

332 

43 

30.3- 

0.589 

4.69 

a.as 

0.32 

' 

f^ 

ii.'so* 

11.45 

50 

43 

'174 
161 

'aso 

267 

io" 

40 

"232" 
232 

15 

30  .'as 
30,33 

'o!573 
0.568 

■4!8G 

4.90 

6!32 

"ew" 

»!w 

o'.od 

50 

43 

m 

380 

40 

333 

IG 

30.23 

0.56^ 

4,95 

U.S3 

789 

3t'.n 

0.20 

50 

43 

904 

395 

♦ft 

233 

46.5 

30.81 

0.582 

4.76 

0,36 

1030 

jf 

0,30 

50 

43 

200 

30C 

40 

332.5 

47 

30.21 

0.677 

4.80 

u.ab 

1)11 

0.46 

4!), 5 

43.5 

910 

388 

40 

333.  B 

17 

30.90 

0.568 

4.90 

0,31 

12ti* 

. 

1. 00 

49.5 

42 

317 

359 

40 

331 

47.5 

30.19 

0.658 

5.00 

o.a 

iSM 

r*:" 

1.15 

49.5 

42 

224 

348 

40 

332 

ta 

30.16 

0.568 

*,9U 

0.98 

iwe 

1.30 

50 

a 

337 

342 

40 

232 

(9 

30.19 

0.561 

4,97 

0.36 

1430 

2.15 

4D.5 

42.6 

331 

223 

40 

233 

IS 

30.16 

0.558 

5.00 

0,V7 

1485 

Tbe  boiler  cut  aeueely  be  eoniUerMl  M  harlnK  been  broogbi  to  a  mtiiliitoi)  of  fletdr  u- 
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(PENNSYLVANIA)  COAL. 
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b  was  not  separately  ascertained.  Twenty-eight  pounds,  dried  in  he 
steam  apparatus,  gave  of  moisture  0.893  per  cent. 

The  volatile  matter,  including  moisture,  in  a  was  38.157  by  a  moderate 
rate  of  coking ;  and  that  in  6,  by  the  same  treatment,  31.513. 

Specimen  a  gave  of  rather  heavy  yellowish  white  ash  3.498  per  cent, 
and  b  of  similarly  colored  residue  8.165.  Hence  the  composition  may, 
without  material  error,  be  assumed  as  follows,  viz : 

specimen  a.  Specimen  h. 

Moisture,  from  40  specimens  -  2.597  2.597 

Other  volatile  matter            -  -  •  35.560  28.916 

Earthy  matter           -           -  -  3.498  8.165 

Fixed  carbon            -           -  -  58.345  60.322 


100.  100. 


Volatile  te  fixed  combustible  1 : 1.6407  1 : 2.086 

Of  the  above  specimen  of  powder  from  40  lumps  of  the  coal,  71.48  {grains 
gave  of  white  ashes  2.73  grains  =  3.S19  per  cent.  Another  portion  of 
68.87  grains,  incinerated  in  a  similar  manner,  gave  4.065  per  cent  of 
ashes  :  the  mean  of  these  is  3.942. 

Of  the  same  powder,  124.17  grains  exposed  in  a  closely  covered  pla- 
tinum crucible  to  a  clear  red  heat  till  all  flame  bad  subsided,  left  of  intu- 
mescent  coke  78.75  grains.    Hence  the  loss  was  36.689  per  cent. 

The  composition  deduced  from  this  analysis  may  be  stated  as  follows : 

Moisture          ---...  2.697 

Other  volatile  matter    -            ...            -  33.992 

Earthy  matter              ....            -  3.942 

Fixed  carbon  ------  59.469 


100. 


Volatile  to  fixed  combustible  =  1 : 1.7495. 

Durin?  the  experiments  on  evaporation,  2465.5  pounds  were  consumtd, 
leaving  of— 
Ashes      ------        87.000  pounds. 

Clitd-er  ------        41.000       " 

Soot 14.365       « 

Of  matter  absolutely  incombustible,  there  were  in  the  ashes    82.143  lbs. 
"  "  "  dirt ker  41.000  " 

''  "  "  soot         3341   " 


Total       -  -  -  .         126.4S4 


(( 


From  which  deduct  wood  ashes         ...  0.997    " 


And  it  leaves  125.487  lbs., 
=  4.9739  per  cent,  oifclhe  coal  burned. 

The  clinker  is  in  this  case  a  mixture,  in  apparently  equal  quantities,  of 
black  vitreous  porous  portions,  with  light  colored  unvitrifiable  shaly  ma 
terials. 

The  whole  is  sufiicienl\y  ft\a\Ae  lo  \i^  ^^\\^  V^x^keu^  and  shows  no  ten- 
dency to  form  continuous  leuacivoM^  %\\^^v&.  \\.  ^^i^  ^%^\\^\^V^^R^Het^ 
in  orje  instance,  on  clearing  oul\Vv^^>xtu^^^^v^^^\v<£t^^\^^wii\^^^ 
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force  to  the  grate  bars.  It  weighs  28.28  pounds  per  cubic  foot ;  the  ashes 
weigh  55.79,  and  the  soot  3.29  pounds  per  cubic  foot;  the  latter  materia 
being  the  lightest  produced  by  any  sample  in  the  whole  series.  From  the 
oxide  of  lead,  specimen  a  of  this  coal  reduced  24.91  times  its  weight, 
which,  for  one  of  combustible  matter  of  the  specimen,  is  26.527. 

I  cannot  offer  an  analysis  by  the  organic  method  of  any  specimen  from 
the  Cannelton  sample,  but  am  enabled,  through  the  kindness  of  the  dis- 
tinguished proprietor  of  an  estate  in  the  same  coal-field  at  Caseyville, 
Kentucky,  to  present  the  following  result,  which,  so  &r  as  the  cmistitution 
of  the  combustible  matter  is  concerned,  may  be  considered  as  affording  a 
type  of  the  Cannelton  coal. 

The  specimen  referred  to  had  a  specific  gravity  of  1.392. 

By  exposure  to  a  temperature  of  250^  Fah.,  it  lost  1.151  per  cent  of  its 
weight 

By  rapid  coking,  the  total  loss  is  37.96,  and  by  slow  coking  31.82  per 
cent 

Four  incinerations  (the  results  of  which  very  nearly  appiroached  each 
other)  gave  the  mean  amount  of  earthy  matter  23.6875  per  cent  Hence 
the  proximate  ingredients  were  as  foHows : 

Moisture       .--.--  1.151 

Other  volatile  matter,  (by  slow  coking)        -  -  30.669 

Earthy  matter  .  .  .  .  -  23.687 

Fixed  carbon  ....  -  44.493 


100. 


Volatile  to  fixed  combustible  -  -       1 : 1.46 

Of  this  coal,  well  dried,  4.21  grains  (equal  to  4.259  grains  of  the  raw 
coal)  were  taken  for  analysis.  This  was  treated  in  a  combustion-tube 
with  fused  chromate  of  lead — a  small  portion  of  chlorate  of  potash  being 
used  to  complete  the  combustion,  and  for  that  purpose  placed  near  the 
bottom  of  the  tube. 

Having  conducted  the  process  with  all  the  usual  precautions,  the  analy- 
sis yielded  8.96  grains  carbonic  acid,  and  1.92  grain  water. 

This  gives  carbon  -  -  -  .        2.4436  grains. 

hydrogen       -  -  -  -        0.2133      « 

2.6569      « 


The  ashes  in  4.259  grains  of  the  raw  coal  was         -        1.0088  grain. 

And  the  water  -  -  -  -  -        0.0490     " 

The  total  combustible  matter  was  therefore  3.2012  grains;  from  which 
deducting  2.6569,  the  remainder  (oxygen  and  azote)  is  0.5443  grain. 

The  raw  coal  will,  therefore,  be  composed  of  the  following  ingredients, 
viz: 

Moisture       -  -  -  =   1.151 

Carbon  -      2.44361  (  =  57.375) 

Hydrogen     -        .21 33  V  +  4.259  J  =  5.008  5^  Combustible  ingredients. 
Oxygen  and  azote  .5443  )  1=  12.779  3 

Ashes  -  -  -  =23.687 

100. 


MM  I^«w,9im 

At  A»  iud  «ai!^  by  floiir  ecMng  v»t  44.493,  it  >HiBMf  IM  iIm  pc»v 
tiiHi  of  carbon  votatUucea  was       -    57^875  — 44.493  a  18.888  {ler  cent 
hydiogaa  •  >  r .  -  BMB 

o^gea  and  aiote  -  -  *  •       ^  .l&TfS 


■  »i 


Coinparing  togetbor  the  combosUble  ingradiettls  atooa,  tlMn  wfll  be 
jfband  ia  .100  parta  <tf— 

Carbon  -  •  76.385  ^  18.7B8  i^mu. 

Hydrogen        -  -  -  -''         fiifiaSw  S.663     *« 

Oxygen  and  awte       -  •  -         17i)Qfl[=  &1SS  .  «* 

In  order  to  .verify  the  above,  t  andysed  another  portioB  of  Aa  aaiDe 

Kwder,  by  means  of  the  scale-oxide  of  copper;  using,  however,  aioietfiaii 
nUe  the  quantity  of  coal  previously  emjplef^- 
8.87  grains  of  the  dried  coal  (equal  to  8.9733  grains  of  ra^  coal)  wfit 
treated  with  that  oxide  recently  rcfoalcined  and  heated, and' then  pisM 
with  all  care  in  a  dir  tifbe,  ind all  flodistuie  ottefiilly  exhadaited.  •  }"' 
The  carbonic  acid  collected  was  *  -  •  -         laMcMAK 

Watw  •  -  -  .        -  -  -  a86'     « 

Hence  the—  '^. 

Carbon  is-  •  -       &OBVI'fhdiis. 

Hydrogen  -  -  •  -       a4M9    ^ 

The  moisture  and  ashes  being  dducted  firom  the  raw  cosd,  leave  8  9733 
—  2.2288=6.7445  of  combustible  matter;  from  which  taking  the  .carbon 
and  hvdrogen,  there  remains  1.2288.  grain  for  oxygen  and  a^te.  From 
these  aata  the  following  results  are  derived : 

Moisture,  as  above        -  -    =    1.151 

Carbon  -  6.0891+8.9733  =  56.7141 

Hydrogen         -     .4266  +  8.9733=    4  754  >  Combustible  materials. 

Oxygen  and  azote         -  -    =  13  694  ) 

Ashes      -  -  -  -    =23  687 


100. 


Deducting,  as  before,  moisture  and  ashes,  the  combustible  ingredients 
are  related  to  each  other  as  follows: 

Carbon  ....        75.456  =  12.576  atoms. 

Hydrogen  ...  -  6.325=   6.325      « 

Oxygen  and  azote         -  -  -        18.219=  2.252      " 

I  am  disposed  to  attribute  the  slight  superiority  of  hydrogen  in  the  first 
over  that  in  the  second  analysis  to  a  trifling  amount  ot  moisture  adhering 
to  the  chlorate  of  potash ;  for  though  this  substance  is  generally  reipurded 
as  anhydrous,  I  found,  by  exposure  in  a  porcelain  crucible  to  a  tempeia- 
ture  of  390°,  at  which  it  began  to  fuse,  the  loss  was  0.82  per  cent,  as  al- 
ready stated  in  a  former  part  of  this  report  Having,  in  a  second  experi- 
ment, with  chromate  of  lead  and  chlorate  of  potash  treated  12.32  grains 
of  dried  coal,  I  procured  6.29  grains  of  water,  which  mdces  the  hydro- 
gen 6.274  per  cent  of  the  combustible  matter;  and  in  a  fourth  trial, in 
which  the  precipitated  oxide  of  copper  was  employed,  and  the  weight  of 

dried  coal  was  6.38  grains, xVie^toipcit\;\oxvo^>K^^tQ^ti<^\3^^        (k596. 

Heace  the  following  affords  ttie  tcaxjlx  ol  ^^»fc  feva  X3Mik&\ 
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No.  8. 

mifious  coal  from  CanntUon^  Indiana^  sent  for  trial  by  James  Boyd, 

esq.^  of  Boston. 

he  following  letter  from  the  agent  of  Mr.  Boyd  accompanied  one  pack- 
:>f  this  sample  of  coal : 

Louisville,  July  8, 1843. 

3ir:  Bydirectionof  Mr.  James  Boyd,  I  have  to-day  forwarded  to  you 
teamboatprpheus,and  v^  Wheeling,  national  road,  and  railroad,  a  box 
>al  fipom  Cannelton,  Indiana.  The  object,  as  I  understand,  is,  that 
nalysis  the  department  may  test  its  value  as  a  fuel  for  Gulf  steamers, 
nd  herewith  the  published  character  of  the  American  Cannel  Coal 
ipany,in  which  you  will  find  Dr.  Jackson's  analysis  of  the  coal.  Dr. 
[ail,  of  Washington,  has  recently  examined  the  banks,  (Sec,  and  has,  I 
I,  expressed  very  favorable  opinions  of  it  in  a  letter  to  Francis  Mar- 
esq.,  which  will  probably  be  published,  and  to  which  I  would  call 
'  attention. 

Prom  an  experiment  recently  made  on  the  steamer  Messenger,  (the 
Its  of  which  can  be  authenticated  and  forwarded,  if  desired,)  I  con- 
*  these  facts  as  proven  :  that  even  on  ordinary  grate  bars,  this  coul 
be  used  without  wood,  and  will  generate  steam  more  rapidly  than  the 
ash  or  beech  wood  ;  that  it  does  not  injure  the  boilers  as  much,  or 
Urnace  more  than  wood.  As  to  economy,  safety,  and  convenience,  (fcc, 
3  can  be  no  comparison. 

"  Very  respectfully,  your  obedient  servant, 

"  HAMILTON  SMITH, 
"O/ifi  of  the  proprietors  of  the  A.  C.  Coal  Conipany,^^ 

he  Hon.  Secretary  of  the  Navy,  ^*c. 

he  exterior  characters  of  this  coal  are  a  color  deep  black  ;  a  lustre  shi- 
,  dull,  or  resinous,  according  as  the  main  partings,  the  horizontal 
IS,  or  the  cross  cleats  are  observed.  The  fracture  is  often  conchoidal, 
the  lustre  dull,  like  that  of  Scotch  cannel  coal.  The  main  partings  are 
igles  of  86^ and  94*^  to  the  surfaces  of  deposition  ; — such,  at  least,  were 
iiclitiatious  in  several  specimens  which  I  measured.  The  surfaces 
requeiitly  covered  with  films  of  sulphuret  of  iron.  The  powder,  like 
of  most  other  highly  bituminous  coals,  is  distinctly  brown  ;  and  the 
J  so,  the  more  minute  the  subdivision.  Perfect  anthracite  is  of  a  deep 
c,  and  pure  bitumen  is  scarcely  darker  in  color  than  burnt  sienna. 
11  these  limits  there  is  a  gradual  shading  oflT  towards  the  opposite  ex- 
e,  according  to  the  greater  or  less  degree  of  bituminousness  of  the 
The  streak  left  on  while  earthenware  is  also  distinctly  brown ;  il 
little  or  no  tendency  to  soil  when  rubbed  witli  the  finger. 
he  specific  gravity  of  one  specimen  of  this  sample  («)  was  1.2479,  that 
lother  [h)  1.2975,  and  th3  mean  of  these  aflfords  the  calculated  weight 
'Aib'ic  foot  79.5 15  pounds  ;  while  26  trials  in  ihtf  charge-box  gave  the 
weight  45.5,  the  greatest  55.25,  and  the  average  of  the  whole  47.649« 
;  shows  the  actual  weight  to  be  0.5986  of  the  calculated  weight,  from 
ig  the  specific  gravity. 

iie  niidsfirre^  in  a  pulverized  sp«'  nved  from  40  firagments,  from 

rent  lumps  of  this  sample,  wa  mt-,  that  of  %^VDWKt^%a^\A 
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of  that  sample  was  10.699  of  water  from  212^,  while  that  of  the  Cannel- 
ton  coal  was  7.341.  Now  10.699 :  7.341 : :  8 :  6.4.  This  last  is  the  num- 
ber of  links  which  the  Cannelton  coal  ought  to  have  made,  had  its  heat- 
ing power  in  the  smith's  forge  been  proportionate  to  its  evaporative  power. 
The  two  results  agree  within  the  fnaction  of  four-nineteenths  of  a  link. 
The  true  numbers  of  links  would  probably  have  been  80  and  64,  had  ten 
times  as  much  coal  been  employed  in  each  case. 

In  the  anchor-shop  it  proved  very  light,  made  a  transient  hot  blaze,  al- 
most insupportable  by  the  workmen ;  but  as  soon  as  that  was  gone,  left 
scarcely  anything  behind,  and  made  no  hollow  fire. 

In  an  office  grate,  a  lump  15  inches  in  diameter  was  laid  on  a  mass  of 
ignited  coke.  It  immediately  took  fire,  and  in  three  minutes  was  giving 
off  a  brilliant  flame.  From  its  flaky  texture,  it  speedily  disintegrated  into 
flat  masses,  burning  with  little  intumescence,  and  scarcely  any  tendency 
to  agglutination.  This  property  allows  a  free  passage  to  the  air,  fiiyori 
rapid  combustion,  and  causes  the  exhibition  ot  an  exceedingly  brilliant 
light.  When  the  white  flame  had  subsided,  it  was  followed  by  one  of  a 
bright  blue  or  purplish  tint,  (cyanogen  ?)  which  having  subsided,  left  a 
light  porous  glowing  coke,  felling  readily  into  small  fragments,  which 
preserve,  to  some  extent,  the  original  lamellated  appearance  of  the  coaL 
On  the  grate,  under  the  steam-boiler,  it  was  observed  to  ignite  readily; 
and  it  took  only  half  an  hour  to  bring  the  boiler  into  steady  action,  fiom 
the  time  the  wood  was  withdrawn,  and  the  charging  with  coal  had  torn- 
menced.  No  serious  inconvenience  was  felt  from  the  passage  of  frag- 
ments through  the  grate.  Its  prompt  and  rapid  action  appears  to  adapt  it, 
in  a  remarkable  manner,  to  the  purposes  of  western  steamboats.  It 
seems  to  bear  transportation  better  than  any  other  sample  of  bituminous 
coal  which  came  under  notice.  A  large  box  which  had  come  from  the 
mines  by  steamboat,  wagon,  railroad  car,  and  drays,  and  had  been  suo- 
jected  to  five  or  six  transhipments,  contained  scarcely  any  fine  coal.  Its 
very  slight  tendency  to  soil  will  also  recommend  it.  Vhe  average  quantity 
of  unburnt  coke  left  on  the  grate  was  but  6j-  pounds.  This  coal  was 
received  in  three  distinct  packages,  at  as  many  diflerent  times  ;  and  there 
is  reason  to  think  that  one  part  was  taken  from  nearer  the  outcrop  of  the 
bed  than  the  rest.  This  supposition  is  strengthened  not  only  by  the  ap- 
pearance of  the  coal,  but  by  the  difference  in  evaporative  effects  on  the 
two  trials,  and  the  diff*erence  in  amount  of  waste ;  the  latter  being  one- 
fourth  greater  on  the  first  trial  than  on  the  second.  The  average  weight 
per  cubic  foot  was  more  than  3.5  pounds  (or  upwards  of  7  per  cent)  less 
on  the  2d  than  on  the  1st  trial. 

The  coal  now  under  consideration  was  the  only  really  available  sam- 
ple forwarded  for  trial  from  the  great  coal-fields  of  the  west.  I  may  add, 
however,  that  two  or  three  specimens  were  offered  for  atudysis^  besides 
that  received  from  Casey ville,  already  noticed. 

A  specimen  from  Wheeling,  Va.,  had  the  following  composition^ts 
specific  gravity  being  1 .2804 : 

The  hygrometric  moisture  was     -  -  -     1.414  percent 

Other  volatile  matter        -  -  -  -  42.626      " 

Fixed  carbon 52.030      « 

Earthy  matter 3.930      « 
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The  sulphur  was  0.703  of  one  per  cent. ;  the  fixed  to  volatile  combusti- 
ble, 1 : 1.22.  The  surfaces  of  deposition  are  covered  with  mineralized 
charcoal.  The  main  partings  are  beautifully  defined  planes,  inclined  88^ 
to  those  of  deposition.  The  cross  partings  are  also  pretty  well  defined,  and 
exhibit  a  pitchy  lustre.  It  is  a  rich  coking  coal,  and  will  produce  a  large 
portion  of  highly  illuminating  gas. 

A  specimen  from  the  Osage  river,  Missouri,  had,  in  its  dry  state,  a  spe- 
cific gravity  less  than  1,  as  it  floated  on  water.  When  allowed  to  imbibe 
water,  it  sank,  and  was,  when  fiiUy  saturated,  found  to  have  a  specific 
gravity  of  1.2.    It  contained  of— 

Moisture,  expelled  at  230^  -  -  -    1.67  per  cent. 

Other  volatile  matter  .'  .  -  -  41.83      " 

Fixed  carbon  -  ...  -  51.16      " 

Earthy  matter        -  -  -  -  .    5.34      *< 

100. 


A  trial  for  sulphur  gave  0.482  per  cent,  of  that  material. 

From  the  above  analysis,  the  volatile  is  to  the  fixed  combustible  as 
1 : 1.223.  An  analysis  by  the  chromate  of  lead  and  the  chlorate  of  pot- 
ash, proved  the  combustible  matter  of  this  specimen  to  consist  of— 

Carbon        -  -  -      81.855  =  13.642  atoms. 

Hydrogen    -  -  -        6.168=   6.168      "  ^ 

Oxygen,  <kc.  -  -      11.977=   1.497      " 

100. 


From  this  analysis,  the  computation  of  evaporative  power,  assumed  to 
be  proportionate  to  the  carbon,  will  give  a  result  of  10.266  to  1  of  combus- 
tible, and  of  9.66  to  1  of  the  raw  coal. 

A  specimen  of  pure  bitumen,  having  a  specific  gravity  of  1.1658,  was 
found  to  contain  of— 

Volatile  matter 72.439 

Fixed  carbon 24.799 

Earthy  matter   ...---      2.762 

100. 


In  this  substance,  therefore,  the  volatile  is  to  the  fixed  combustible  as 
1 : 0.3423.  Analyzed  with  the  scale  oxide  of  copper,  8.16  grains  of  this 
bitumen  yielded  5.73  grains  of  water,  and  22.6  grains  of  carbonic  acid  ; 
from  which  is  deduced  the  following  composition  of  100  parts  of  its  com- 
bustible matter,  viz : 

Carbon 77.679 

Hydrogen      -.-.--  8023 

Oxygen  and  azote     -.--•-        14.298 

100. 


The  calculated  evaporative  power  of  the  carbon  in  1  of  this  comha^tx- 
hie  matter,  is  9.464. 
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TABLE  CLXXXV.— DEDUCTIONS  TBOH 


Nature  of  the  data  furnished  by  the  respective  tables. 


1 
2 
3 

4 

5 

6 

7 

8 

9 
10 
11 
13 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 
20 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 

41 

43 

43 

44 

45 
46 
47 


1st  Trial. 
(T.CLXXXJIL) 


Total  duration  of  the  experiment,  in  hours 

Duration  of  steady  action,  in  hours        ... 

Area  of  ^te,  in  aouare  feet        - 

Area  of  heated  surface  of  boiler,  in  square  feet  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Number  of  charges  of  coal  supplied  to  ^rate 

Total  weiffht  of  coal  supplied  to  grate,  in  pounds 

Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 

Mean  \\'ci<>:ht,  in  pounds,  of  one  cubic  foot  of  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 

Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cent. 

Total  pounds  of  water  supplied  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit 

Pounds  of  water  supplied  at  the  end  of  exjierimcnt,  to 

restore  level    --...- 
Deduction  for  temperature  of  water  supplied  at  end  of 

experiment,  in  pounds  .... 

Pounds  of  water  evaporated  perhour,  during  steady  aetion 
Cubic  feet  of  water  j>er  hour,  during  steody  action 
Pounds  of  water  per  square  foot  of  heated  surface  ])er 

hour,  by  one  calculation         -  -  -  - 

Pounds  of  water  per  square  foot,  by  a  mcdn  of  several 

ol)9crvation8    ------ 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

fmnl  result       ---.-- 
Water  evaporated  by  1  of  coal,  flrom  initial  temp,  (b) 

during  steady  action   -  -  -  -  - 

Pounds  of  fuel  c>*aporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ashpit,  dupng 

steady  pressure  -  -  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  ot  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  ttwnperaturc  of  attached  thermometer 
Mean  height  of  barometer,  in  inches       -  -  - 

Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught-gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculauon 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water 

in  cistern         ----.- 
Water  to  1  of  coal,  from  312<=*,  corrected  for  temperature 

of  water  in  cistern      -  -  -  .  - 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel  -.--.. 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  psr  sq.  inch,  above  atmosphere 
Condition  of  the  air-plates,  at  the  furnace  bridge 
Inches  opening  of  diimper,  (U.  upper)  .  -  - 


JTOMMVeF  f  • 

99.417 
5.933 
14.07 
877  6 

18.76 
13.0 
1286.0 
1279.0 
7.0 
49.461 
165.431 
11.758 
5.6317 
9.0397 
35.036 
7516.00 
440.40 

90.00 

3.0 
909.096 
14.545 

9.408 

9.404 

5.872 

5.495 
•10.6437 

47^.64 
44^.76 
2540. 06 
305-5.18 
232<5.82 
440.20 
29.997 
4.843 
0.5737 
0.3561 
390.88 
9060.43 
79^.85 

6.87»  , 


SdTnd. 

(r.GZJOxfF.; 


6.8975  1 
337.  W  * '  ^' 


6.M 
14.«r 
377.5 
I8LTS 
13.0 
1191.75 
1186^ 
5.79 
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4.49 
l.SB 
97.811 
8019.0 
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S.631  / 

S.7i5 

6.G23 
S.9S61 

50^.7 
44»4 
941-.93 
309O.1) 
939°.93 
460.63 
30.199 
4.8U3 
0.57B 

9l»  Jl 


oiinl 


6.n 

Clond. 

U.    ^ 


Doc.  No.  276. 


545 


\BLES  CLXXXIII,  CLXXXIV. 
mnelion  (la.)  coaL 


Iveragca. 


6  375 

47.6483 

156.0615 

11.092 

5.1254 

1.6358 

31.4235 


940.5033 
15.048 

3,4915 


6.3085 

6.060 
9.9549 


347^99 
307^.155 


0.3873 

I980.895 
889.175 

€.3085 

l.UOB 
818.866 


Remarks. 


A  tolerable  accordance  will  be  found  between  the  final  resultji  in  the  two  trials, 
as  seen  in  this  line,  with  those  of  the  next  below,  derived  from  obsenrations 
during,  the  period  of  steady  action. 


f 


7.7818  Pi 
1.4088 

6.8MI 


M^»» 


mf4*M 


rcfelaimd  in  eeoaomy,  both  of  time  and  fuel,  in  using 
A  the  second  trial. 


tii 


V,'. 
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Having  completed  the  description  of  the  fourth  class  of  coals,  I  may 
here  exhibit  its  relations  to  the  series  from  Virginia.  The  synoptical  ta- 
ble (page  551)  will  show  that  the  average  weight  per  cubic  loot  of  eight 
samples  of  foreign  and  westemr  coals  is  49.31  pounds.  The  table  already 
given  of  eleven  samples  of  Virginia  coals  proves  that  they  weighed  49.^ 
pounds.  Eight  foreign  and  western  coals  gave  an  average  evaporative 
power  of  7.984.  Ten  Virginia  coals  gave  8.477.  Eight  foreign  and 
western,  all  burned  with  tne  chimney  63  feet  high,  evaporated  on  an 
average  13.778  cubic  feet  of  water  per  hour.  Six  Virginia  coals,  burned 
with  the  same  height  of  chimney,  gave  13.73  cubic  Yeet  per  hour.  The 
lead-reducing  power  of  the  combttslible  matter  of  the  fourth  clasSi  com- 
pared with  their  evaporative  power  and  with  the  ratios  of  fixed  to  volatile 
material,  is  seen  in  the  following : 


Name  of  coal. 

Steam  to  1  of 
combustible. 

Lead  to  1  of  FixedtolTol- 
combnstible.    atile  matter. 

Pictou,  (New  York) 

Pictou,  rCunard'a)    -           -           -           -           - 
Newcastle      ------ 

Pittsbuig 

Sidney           ----.. 

Liverpool      ------ 

Cannelton      ------ 

Scotch        ■    - 

9.710 
9.648 
9.178 
8.942 
8.497 
8.255 
7.734 
7.719 

28.18 
26.69 
27.55 
28.89 
29.15 
27.88 
26.53 
27.03 

2.105 
2.593 
1.601 
2.014 
2.838 
1.513 
1.719 
1.257 

Average           -           -           -           - 

8.710 

27.74 

1.955 

Average  of  ten  Vii^nia  coals - 

9.523 

28.194 

2.054 

No.  9. 

Experiment  on  dry  pine  wood. 

During  the  progress  of  these  experiments,  there  were  used  in  heating 
up  the  boiler  and  its  contents,  with  the  brick-work  of  the  furnace,  25^67 
pounds  or  9.43  cords  of  dry  yellow  pine  wood.  This  was  of  the  ordi- 
nary kind,  procured  for  use  under  the  boilers  which  drive  the  engines  in 
the  navy -yard. 

It  was  brought  to  the  apparatus  from  a  pile  kept  in  the  open  air,  and 
consequently  was  dependent,  in  some  degree,  on  the  state  of  the  weather 
for  the  quantity  of  moisture  which  adhered  to  it,  and  which  caused  a  de- 
gree of  diversity  in  the  heating  power  it  exhibited  at  different  times. 

It  will  be  found,  on  computing  the  weight  of  wood  required  to  raise 
the  temperature  of  the  boiler  1^,  that  this  weight  was  generally  the  less, 
as  the  total  range  of  temperature  through  which  the  boiler  was  heated 
was  greater.  It  must  evidently  be  so,  because,  in  commencing  many 
of  the  experiments,  the  temperature  was  either  at  or  above  212°,  and 
almost  the  whole  heating  power  of  the  fuel  was  then  expended  in  gen- 
erating steam,  or  increasing  the  density  of  that  already  existing  in  the 
boiler.  When,  on  the  contrary,  the  experiment  commenced  with  the 
temperature  of  the  water  within  the  boiler  HK)°  or  more  below  the  boiling 
point,  a  considerable  proportion  of  the  heat  was  expended  in  merely  rais- 
ing temperature.  This  subject  will  be  made  intelligible  by  the  follow- 
ing short  table,  which  has  been  drawn  from  the  various  tables  of  daily 
observations  on  the  auvouul  oi  -wwAWiw^^^^a  ^^wcl  \^w^<^  >SMi  Vvead  of 
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"  reniBrks,"  and  from  the  cofrespoodiDK  ranges  of  temperature  through 
which  the  water  in  the  boiler  was  raised. 

TABLE  CLXXXTI. 

Of  the  effieieucjf  of  fint  wood  in  raising  temperature. 


h 

Us- 
i! 

i 

Us 

1 

i'ss 

i-3  3 

fc 

a 

e 

i° 

2 

K 

4'* 

16.43  lb*. 

38a 

6.151b.. 

64" 

4,46  Iba. 

6 

13.39 

90 

6  97 

76 

3.69 

8 

10.!J3 

34 

6.66 

93 

4.Q1 

10 

8.15 

36 

6.47 

100 

4.63 

la 

7.01 

4U 

4.55 

103 

4.33 

14 

7.35 

42 

4.40 

106 

4.19 

16 

6.81 

44 

4.54 

18 

3.87 

la 

E.48 

46 

4.56 

S6 

4.05 

9U 

6.13 

48 

4.37 

33 

3.51 

aa 

6.3U 

54 

4.56 

49 

3  79 

84 

6.50 

58 

4.09 

57 

3.71 

96 

6.27 

69 

4.M 

171 

3.86 

The  deviations  from  a  resularly  diminishing  series  of  numbers,, ex- 
Dfessing  the  weights  of  wood  fi>r  1°,  are  doubtless  caused  in  part  by  the 
met  that  the  wood  was  Bomeiimes  burned  with  the  touier  damper  open, 
sometimes  with  the  upper;  and  that  occasionally  ^o  ash-pit  doors  were 
open  while  burning  wood,  though  closed  as  soon  as  the  charging  with 
coal  commenced. 

The  heating  with  wood  generally  terminated  at  about  23(P,  or  18° 
above  the  boihng  point. 

The  wood  on  which  the  following  experiment  was  made  was  farmed 
into  a  pile  S  feet  long  and  4  feet  high.  It  was  stated  by  the  engineer  of 
the  navy-yard  to  be,  both  in  quality  and  length  of  billets,  a  Mr  avenge 
of  that  sener^ly  in  use  at  the  yard.  . . 

In  Older  to  ascertain  as  nearly  aa  possible  the  true  cubical  contents  of 
the  pile,  every  billet  was  measured  by  fixing  a  scale  of  inches  in  an  up- 
tight positiou,  and  placing  each  billet  against  it  with  its  lower  extremity 
testing  OD  the  floor,  and  the  shoulder  of  its  upper  axe-kerf  brought  against 
the  scale.  The  portion  which  thus  projected  above  the  shoulder  at  one 
end  WBfi  considered  a  just  equivalent  of  what  was  taken  away  from  the 
foil  sixe  of  the  piece  at  the  lower  extremity. 

In  this  manner  the  average  length  of  the  201  pieces  of  which  the  pile 

was  composed,  was  found  to  be  42.134  inches,  and  the  pile  to  contain 

iliL36  cubic  feeu     It  weighed  2360.6  pounds.     Had  it  been  composed  of 

dJeet  long,  and  constituted  a  true  "cord  of  wood,"  its  weight 

HT*  been  2689.3  pounds. 

vne  ware  mode  to  exceed  as  little  as  possible  100  pounds  each. 

tBMi  was*  aa  uaual,  raised  by  bumiDs  a  weighed  quantity  of 

■.i'         -vthad  ill  usual  point,  the  unbiimt portion  was 

I  m  the  pile  was  substituted. 
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Upper  i^mptr  10  incAw  open  ;  aw-  pArfw  */o*»rf,- 
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S 
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1 
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58 

IIS 
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59 
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O.SW 

e.93 

0.14 

e.M 

» 

» 

7.« 
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5G 
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53 

807 

58 

30, W 

0.115 
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0.3S 
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57.6 
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S34 

53 

S33 

58 

30.06 
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0.33 
0.38 

BSS 

101T75 

lOS-EO 

"a^M 

so" 

57 

iai 
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'53' 

'233 
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5:^ 
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S7 
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53 
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59 
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'c-o 

ioe!a 

9-ia 

S3 

57 

l&S 

i9it\  51 

a35 

M 

30. 0« 

0.56S 

4.93 

0-31 

1150 

ioo.a 

lU.lo 

C5 

59 

na 

39-J   54 

S35 

61 

30.06 

0.556 

5.00 

0.31 

1679 

109. 7S 

1U.45 

G5 

5S 

18H 

S98|  55 

835 

61.6 

30.05 

0.56^ 

4-96 

0.3J 

aoos 

UB-Ti 

11.13 

m 

57 

aia 

303 

55 

935 

63 

30.es 

0.563 

4.96 

0.31 

34fS 

MI.TS 

11.4a 

70 

59 

«u 

312 

53 

23r. 

63 

30,05 

0.56e 

4.93 

0.31 

MS5 

UK.III 

0,15 

19 
79 

5S 
>6 

S3fi 
342 

314 

53 

215 
231 

61 

64 

30.03 
30.  IN 

D.665 
0.665 

4.93 
4.43 

D.3G 
0.36 

3m 

3769 

M&ro 

IS3 

31fr 

53 

71 

i7 

iM6 

3oe 

53 

S34 

65 

3().0l 

0.5S8 

5.00 

0.31 

4111 

1  *5 

71 

56 

2fi0 

3J4 

b'i 

S35 

66 

30,00 

0.570 

4. an 

0.43 

454-2 

ini.ot 

■i  I& 

71 

57 

366 

321 

53 

335 

66 

30.00 

O.S70 

4.88 

0.41 

5014 

IH.7S 

11,15 

-■2 

56 

372 

330 

51 

33j 

60 

30.00 

0.564 

4.94 

0.37 

5107 

W-iM 

3.15 

ri 

57 

285 

337 

64 
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67 

30.02 

0.552 

5.06 

0.31 

5967 
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73 

57 

290 

ax 

54 
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At 
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0.33 
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73 

57 
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54 
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67 
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5.01 

0.33 

6616 
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4.45 
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6e" 
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53 

i03 
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30702 
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5.01 
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7931 

106.25 

&.1S 

TO 

56 
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54 
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66 

30.02 

0,5&fi 

0.34 

7630 

lOT.Oe 

5.45 

S5 

55 
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336 

61 
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tiS.O 

30.  U3 

0.556 

6:03 

0.34 

S196 

107.00 

6.1.') 

se 

55 

338 

3IR 

54 

2M 

65 

30.03 

0.5C0 

4.98 

0.35 

8133 

11.75 

(J.45 

so 

5-1 

343 

.="! 

56 

332 

63 

30.04 

0.554 

5.03 

0.33 

9003 

139.9 

¥.15 

9.00 

is" 

so 

s" 

■3J6 

314 

56 

*33i 

230 

iB5 

"x.m 

30.0fl 

oi&is 

O.MC 

"5!  is 

5.11 

'o'iw' 

0.34 

■giro' 

9400 

9.30 

7.45 

1)0 
I9_ 

50 
15 

304 

206 

929 
193 

56 

330 

il2 

43 

30.08 
30.21 

0.540 

9.17 

O.iB 

0.17 

9581 
9581 

: 

Hot.  19 

0.445 

6.10 

■eiIonfraaiBL<aw.>.a.U6L.9lh».^m.=,U.3af^,  ytaai. 
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stent  tbromt  into  cMmney,  ««/  tmali  fimace  t»  ocMon. 
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TABLE  CLXXXVIIL— DEDUCTIONS  FROM  TABLE  CLXXXVH- 

Experimenig  on  dry  pme  wood* 


Nature  of  the  data  furnished  by  tlie  preceding  table. 


1 

3 
4 
5 
4> 

m 
I 

K 
\) 

lU 
11 
1-2 
13 
14 
15 
16 
17 
18 
19 
i-*0 

yi 

i.\3 
i-M 

'JG 

*J.s 

:<i 

3i 
^3 

:i4 
:U) 

37 

38 
3!) 
40 
41 
4> 
43 
44 
45 


Total  duration  of  the  experiment,  in  hoars  .... 

Duration  of  steady  action,  in  hours  -  .  -  -  • 

Area  of  i^te,  in  saucue  feet  ------ 

Ar«u  of  heated  surface  of  boiler,  in  square  feet      -  •  -  - 

Area  of  Iniiler  exposed  to  direct  radiation,  in  square  feet  -  -  - 

?^]]nber  of  charges  of  wood  supplied  to  fruitf        .  .  .  . 

Total  wei£;ht  of  wood  supplied  to  grate,  in  pounds  -  -  . 

Pounds  of  wood  actually  consumed  -  .  -  -  . 

Pounds  of  wood  withdrawn  and  scmarated  after  trial         -  -  . 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  wood  .  -  • 

Pounds  of  wood  supplied  per  hour,  during  steady  action  -  -  - 

Poiuids  of  wood  per  square  foot  of  grate  surface,  per  hour 
Total  waste  from  100  pounds  of  wood      -  -  -         .  - 

Total  pounds  of  water  supplied  to  the  boiler         -  .  .  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit  -  -  - 

Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  end  of  experiment,  in  lbs. 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  .  -  . 

Pounds  of  water  per  sq.  foot  of  heated  surface  per  hour,  by  one  calculation 
Pounds  of  water  per  square  foot,  by  a  mean  of  seTeraJ  oosermtions 
Watrr  evaporated  by  1  of  wood,  from  initial  temp,  (a)  final  result 
Water  evaporal^  by  1  of  wood,  from  initial  temp,  (b)  during  steady  action 
Pounds  of  fuel  eraporating  one  cubic  foot  of  wuter  -  .  . 

Mcnn  temperature  of  air  enterin;;;:  below  ashpit,  during  steady  )»rcs)iure    - 
Mean  temperature  of  wet  bulb  tliermometer,  during  steady  prtssure 
M(  an  temperature  of  air,  on  arriving  at  the  gmto  .  -  - 

Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mtnn  t(  mpcrature  of  steam  in  the  boiler    -  -  -  -  - 

Mean  temperature  of  atuiched  thermometer  r  *  *  ~ 

Mtan  height  of  barometer,  in  inches  -  -  _  -  - 

Mean  nuiiiber  of  volumes  of  air  in  manometer     -  -  -  - 

M«  an  height  of  mereury  in  manometer      -  -  -  .  - 

Mrnn  height  of  water  in  syphon  draufrht-gaugc,  in  inclies 

M«nn  temperature  of  dew  point  by  calculation      -  -  -  - 

Mean  pain  of  temperature  by  the  air,  before  reaching  grate 
Mean  diflerence  between  steam  and  escaping  ga^ea  -  -  . 

Water  to  1  of  wood,  corrected  for  tem|>erature  of  water  in  cistern 
Wnter  to  1  of  wood,  from  21 2^,  corrected  f<»r  temi>erature  of  water  in  cistern 
Pounds  of  water,  from  212*^,  to  1  cubic  foot  of  wood        -  -  - 

Water,  from  212°,  to  1  |K)und  of  combustible  matter  of  tlie  fuel  - 
Mcnji  pressure,  in  atmospheres,  above  a  vacuum  -  -  -  - 

Mean  pressure,  in  pounds  per  i*quare  inch,  above  atmosphere 

Condition  of  the  aii^platcs,  at  the  furnace  bridge   -  -  -  - 

Indies  opening  of  damper  ------- 


TMe 

CLXxxrn. 


^"osemkrlS. 

25.617 
9.3)0 
14.07 
377.5 
18.73 
2:2.0 
2360.3 
2360.5 
•0.0 
21.009 
223.^6 
15.87 
0.3074 
9581.0 
53=.2 
10.0 

to.o 

666.43 
13.86 
2.2951 
2.2923 

4.0588 
3.S5J4 
15.3957 
67^76 
5fi^62 
24y\71 
315-.19 
23:i\?4 
63-.  9 
3i).033 
4.97-2 
05607 
03375 
47^37 
18P.95 
83^75 
4.0568 
4.6922 
98.578 
4.7066 
1 . 4577 
6.759-2 
Clost^d. 
Ujjper    Jrt 


•  The  charc(val  left  on  tlie  grate  did  not  amount  to  one-quarter  of  a  pound, 
t  The  experiment  was  concluded  before  leaving  the  apparatus  for  tlic  night :  hence  no  Jeduc* 
tion  is  here  necessary. 
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TABLB  CXG.—Propwtwn  i^  the  ttteral  watte  materials  from  th 

poiitien  aid  Jauilf 


1 

1 

1 
1 

^ 

CUK.-. 

■8 

S^ 

•s 

f 

^M 

f 

Hane*or«alf. 

1 

& 

Is 
u 

Zt 

t 

V 

1^ 
1^ 

-1 

Bearer  Meiclow  slope,  No.  3 

3EM<.W 

10.916(1 

68.89 

M.330 

1.0120 

u.m 

I.9U 

BeSTcr  Mcndov  ."lupe.  Mo.  5 

43M.U 

6.1491 

61.40 

n.ien 

0.5959 

36.00 

l.Tfl 

F(>r(fsllmpru«nn«nl 

SdlO.OO 

6.1590 

44.03 

40.660 

0.8111 

aciB 

4.4U 

Peach  Mntiuiairi 

737LS75 

3.9392 

56.09 

lU.OlS 

3.0997 

46.18 

o.m 

Lehijjh 

3S38.9S 

6.1445 

46.66 

96.910 

1.0790 

K.» 

(113.51 

7.G8(« 

60.96 

34.5U 

1.8111 

36.S8 

o!aao 

LyketrValley        - 

U7I-00 

7.8181 

^.06 

36.800 

4.408S 

39.7S 

l.HO 

Bf.ivcr  Meadtiw  (navj-yard; 
Miiiure  1-5  Mldloihian  and 

t897.H 

6.70*1 

1.3996 

4-5  Beaver  Meadow 

iOM.OO 

8.9719 

4.9U3 

MuLiire  1.5  Cumberland  and 

4-5  Bearer  Maidow 

»74.00 

6.0893 

3.0871 

Naianl  coke 

1M9.0O 

13.1476 

56.96 

17.490 

5.S134 

3B.9b 

9.6N 

Coke  of  Midloihiin  coal     • 

ItBT.OO 

6.031( 

10.6I4O 

Coke  or  Neff's  coal 

994.85 

9.7859 

3.5504 

New  York  and   Maryland 

MJQJDg  Compaoj 

ai87.7S 

7.S8E6 

37.79 

13.870 

6.4359 

1"  ■» 

O.OM 

Ner«           -           . 

1318. 3U 

37.9I> 

10.060 

4.U57 

39.19 

a.8N 

AikiBMiD  lad  Temple  man's 

1158.00 

3d.  08 

19.B7D 

i.saeo 

39.00 

1.141 

i31f).S5 

5;«371 

33.9i 

11.8S0 

2. 1961 

3i.fid 

0.466 

Ea.<brnndSniii1i':<  - 

m<.5(i 

6.G10U 

33.57 

8.418 

3.0465 

36.68 

2.300 

Combcrlnnd  Cnavy-yard)    • 

78K.511 

9.28ri6 

Dauphin  and  Saaquehanni 

2557.0(1 

lalaui 

4lTRi 

37.7C0 

3.5018 

32T95 

l.ffll 

Bl,«bbiirR     - 

VJflS.OO 

7.fi07S 

44.511 

8.360 

3.3961 

30.87 

0.43E 

Lycoming  creek      - 

3073.25 

ta.eaeo 

37.79 

iO.U5U 

3.2620 

34.?! 

9.930 

aoin'^iran  - 

1883.95 

7.5733 

37-09 

7.577 

1.3123 

29.7U 

9.512 

KarlhBiM     - 

3CI3.84 

4.i:l51 

47.94 

19.600 

3.1:563 

32.75 

9.130 

CfttnbrU  eoonry      - 

34Sfl.50 

6.a7fii 

43.1! 

6.244 

3.4764 

33.69 

0.0i« 

Barr's  Deep  Ruo     - 
Crotich  anil  Snwd'i 

6074.75 

6.3255 

44.86 

la.ioo 

4.7481 

33.50 

0.873 

;W34.7ri 

S.%H 

4(1.92 

7.S08 

6.3711 

29.  H7 

11.950 

MiJIoi   ian  (900  feel  shaft) 

3417.50 

i.-23'jl 

53.51 

9.G87 

6.46M 

43.37 

0.000 

Creek  CompBny'a  coal 

37G0.(i3 

4.-2i55 

56.00 

9.840 

4.4151 

39.50 

a.OflD 

Cluver  Hill 

3776.10 

6.74dl 

53.81 

14.930 

3.8588 

44.62 

0.000 

CheMerfield  MiningComp'y 

3H76.no 

4.P800 

47.29 

18.744 

4.I8R7 

37.62 

o.noo 

Midlnhiantaverage) 

4508.39 

6.00(il 

53.80 

I0.0!>0 

8.6209 

37.50 

O.Bffi 

Tippecanoe 

Midlothian  (new  shaft)       • 

1904.75 

S.C8D4 

57.41 

8.4H0 

4.o;m 

43.37 

3.915 

ffllB.SO 

6.0446 

5G.65 

16.180 

4.2137 

30.12 

0.000 

Midlolhlan  (screened)        - 

4I3ii.oa 

6.9462 

63.40 

13.172 

3.3290 

39.37 

0.000 

Midlothian  (nary-jrard,  ar- 
erage.) 

Piciou  (New  York) 

I4G3.50 

1S.6B0U 

- 

4.4242 

- 

- 

4153.B7 

7.3455 

3S.K 

5.907 

6.1957 

43.12 

0.0>0 

Bi<iiiey(Cunard)     - 

1»||.I3 

3.7G47   63.42 

13.621 

3.2453 

40.12 

6.371 

Piciou(Cun»rd)     - 

ISfii.50 

5.8C9fi   39.01 

4.077 

6.1927 

3H.II0 

0.000 

Liverpool     - 

37K6.00 

3.l7fi3 

53.70 

16.330 

1.8K42 

40.13 

O.Oi'O 

NeweasllB    - 

40-a.OO 

8,535:1 

51.11 

14.064 

3. 1442 

34.25 

o.ono 

Scolcli 

3860,00 

4.4670 

4-. 94 

13.9:3 

6.6315 

39.67 

a.e» 

Pitobiirg      - 

206.38 

7.3124 

37.18 

31.123 

0.940G 

13.940 

Cannelion  (ia  )       • 

■;46S.50 

3-4h«6 

55.79 

5.683 

1.6358 

seTae 

o.oco 

Pine  wood   -           - 

23G0.50 

3.0740 

S9.14 

- 

- 

- 

- 
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ce,  compared  with  the  weight  of  fud  burned^  showing  also  the  com- 
ch  material. 


aooT. 

COIK. 

m 

a  t) 

ft* 

is" 

"-  u 

c  •* 

o  «r 

e  a 

r 

ill 

B  u  ^ 

■Bsi. 

91.39 

67.72 

112.370 

1.372 

^.97 

67.6-J 

61.250 

1.707 

17. SM 

52.63 

40.18ej 

1.806 

iii,40 

31.75 

26.646 

2.257 

19.51 

53.lt 

36.1;^ 

l.7ii0 

H.eo 

65..26 

57.190 

2.647 

41.56 

37.60 

18.000 

0.953 

- 

- 

107.080 

0.870 

- 

• 

60.875 

1.587 

53.250 

2.742 

32.67 

46.66 

43.687 

2.786 

^ 

^ 

9.500 

1.173 

- 

- 

16.0U0 

1.786 

12.16 

47.27 

10. 125 

1.073 

12.64 

33.16 

6.155 

1.966 

16.68 

52.60 

18.230 

0.907 

15.77 

55.21 

5.  \2b 

1.542 

S4.2d 

51.41 

5.350 

2.319 

1 

^ 

13.500 

12.45 

31.32 

23.670 

1.103 

12.06 

54.17 

13.750 

1.157 

16.29 

54.44 

46.250 

1.116 

10.06 

48.65 

14.750 

1.234 

15.61 

^ 

52.531 

2.502 

7.83 

44.14 

14.810 

3.969 

12.23 

45.29 

6.400 

2.361 

25.51 

66.49 

6.000 

1.969 

5.71 

43.37 

5.917 

0.999 

14.33 

65.73 

10.530 

2.5H4 

9.20 

56.33 

11.512 

3.369 

92.70 

71.33 

10.469 

1.656 

H  19.06 

63.34 

6.442 

2.370 

i    5.54 

35.26 

11.250 

3.822 

)    5.46 

43.25 

17.083 

1.922 

7    4.91 

35.72 

14.800 

3.999 

- 

- 

43.250 

- 

b    5.U 

34.58 

5.689 

1.255 

S    3.96 

30.91 

5.937 

1.325 

S    3.8iJ 

39.85 

8.750 

l.(H>9 

1  '3.99 

iH.31 

11.062 

2.009 

i   t.7t 

96.96 

10. 6!)0 

2. 52t 

r  ^  «*K3i8 

5.750 

2.827 

»l» 

9.870 

0.311 

!M 

6.375 

1.001 

It 

- 

0.866 

REMARKS.— In  this  table,  as  well  as  In  the  several 
synoptical  tables  belonging  lo  the  res|ieciive  class- 
es of  coal,  the  per  centage  of  a^thes  includes  those 
fVom  behind  the  bridge. 


The  soot  and  dast  of  this  anthracite,  digested  and  treated 
for  sulphuric  acid,  yielded  3.045  per  cent,  of  that  ma- 
terial. 

The  soot  and  dust  of  this  anthracite  conuilned  11.8  per 
cent,  of  matter  volatile  at  red  heat,  and  32.9  per  cent 
of  fixed  carbon. 


The  dust  fh>m  flues  contained  4.98  per  cent  of  its 
weight  in  sulphuric  acid. 


The  soot  contained  9.17  of  volatile  matter,  and  39.43 
per  cenL  of  fixed  carbon. 

The  soot  contains  11.87  of  volatile  matter,  and  33.69 

per  cent,  of  fixed  carbon. 
Sout  contains  16.03  of  volatile  matter,  and  35.32  per 

cent  of  fixed  caiton. 


Volatile  matter  in  soot  13L904,  carbon  50.84  per  cent. 

Volatile  matter  in  soot  13.831,  carbon  50.449  per  cent. 
Two  preliminary  trials  only,  to  test  the  working  of  ap- 
parnius,  were  made  with  this  coal. 
Volatile  matter  in  soot  10.008,  carbon  49.536  percent. 
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TABLE  CXCII. — Effecl  of  open  air  plate  on  the  rale  of  evaporo/Mi  ii 
tAa  boiler  lehen  imug  different  kinds  of  am. 


namoi  orecMli. 

1 

if 

o 
6 

■ 

it 

1 

9 

6 

i 

.1 

1 

1 

n 
III 

% 

1 

1 

i 

Beater  Meadow,  *1ope  No.  3   - 

e 

10  A.  5 

t2.703 

10&5 

12.903 

+0.664  4.S.1H 

Beaver  Meadow,  Hlope  No.  5  • 

s 

10  &  6 

ld.841 

I0&5 

8.6» 

-4.0e3PnU.lti 

s 

8 

IS.  1187 

8 

12. «» 

-^.SS\ 

-19.IM 

Prich  Mounlain 

s 

8 

16.050 

8 

13.039 

-3.031 

-n.^ 

Ubigh  ...         - 

9 

e 

11.165 

8 

8.896 

-2.»9 

-90.390 

Lyten's  Vallej 

1 

8 

13.750 

8 

13.031 

-0.616 

-.«.« 

wilural.,.Ue^ 

3 

10  A  & 

12.510 

10  &A 

12. tits 

-f0.^^1.tU 

New  York  nnd  Marjland  Mi- 

ning Companj 

1 

8 

13.100 

e 

13.490 

-0.ri«^  1.8M 

NelTs    -          - 

1 

8 

16.958 

8 

13.0SI 

>^»lU  6.IU 

AitclnsoD  aod  Tcuplemaa's     ■ 
Easby  aod  Smlih\       - 

I 

8 

lS.flS7 

8 

15.310 

>4).  71-1^4.10 

3 

8 

11.973 

8 

15. 3» 

+0.»7XI.M 

I 

8 

H.8-ai 

B 

13.600 

-4.834*  8.  al 

^«e  -18.W 

•S 

10  &  5 

17.375 

•i 

10  4  4 

11.070 

Lfcuining  creek 

1 

10 

tri.700 

10 

13.660 

-HX9M  4.  7.5S! 

OuiD'i  Run 

[ 

8 

13.749 

8 

U.050 

intuits.  IS 

Kanhius           .           .           . 

1 

13 

11.8B7 

13 

13.689 

Ie.SHX7.aB 

Barr's  Deep  Run 

3 

8 

13.811 

8 

13.791 

—1.045'— 7.  Sfll 

Midlolhian  (900  feci  shaft)       - 

I 

8 

13.89S 

8 

14.821 

+0.938  4-  6.SM 

■|-i.iifi4«.i:s 

Creek  Cal  Company  . 

ta 

S&IO 

13.833 

tS 

10  &  6 

16.918 

Clover  Hill 

13 

9.300 

G.flH4 

-S.41fi-3i.sl79 

Chesierfield  Mining  Company  - 

1 

5 

ii.nio 

5 

11.  aw 

-0.23P-  1.K93 

Midlolhian(avp(age)  - 

I 

13 

I3.0«0 

13 

8.779 

— 3.S8i-JSl.liin 

Tippecanoe 
MiJlotliiantnewsbflfi) 

3 

13 

8.558 

8 

9,5a» 

-H).  971 +11.343 

1 

IS.liO 

8 

H.tW 

-^.940-6.317 

3 

13  &  6 

9.118 

6&13 

9.100 

— O-oie-aiwo 

Piclou  (New  York)      - 

9 

8&* 

13.746 

B&i 

12.835 

+0.0&*  +  0.li?I 

Sidney  (Cunard) 

8 

U.TSll 

6 

12.930 

-i.xn^  -liBii 

Picinu  (Cunard) 

1 

8 

b7.9'.0 

8 

11.987 

-a.973-16-SH 

Lirrrpuol 

1 

8 

I5.61U 

8 

14.874 

-0.711 -4.7H 

Ncivcaslle 

1 

B 

is.uin 

8 

14.160 

-1.850 -11. 554 

Scoich    -           .           -           . 

3 

8 

15.053 

S 

14.769 

-0.384—  I.S87 

Cannelloa  (Indiana]     - 

1 

8 

14.545 

8 

15.551 

+1.006+ 6. 9I( 

•  The  iwo  experiments  with  closed  air  plaies  were  a 

iTbe  iwu  ei|>eriments  with  open  air  plaies  were  m _.  .    ,, ,._ 

ontside  of  ihe  boiler  was  mure  nearly  free  from  sool  ihau  wben  naing  ihe  closed  plate. 


(lee-burning  coals,  3.66;  for  9  Virginia  coala,  1.48;  and  for  6  forelpi  and  1  wenern,  S.TTfe 
cent.^  makini;  Ihe  average,  for3l  liDdt  of  coal,  5.37  per  cent.  A  eousiderabte  posiiivt  nis, 
boib  in  economy  of  fnel  and  fn  llie  lime  of  (be  boiler,  was  effected,  aa  appears  frooi  tbe  aboK 
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irvaiiont  on  the  time  required  by  the  produelt  of  eombtution  to  pass  from 
'le  grate  to  the  ehimney-top,  being  a  distance  of  lU3.5/ce/  by  the  lower, 
id  163  by  the  upper  damper  passage,  before  the  chimney  was  raised; 
td  lii5.6  by  the  lower,  and  190  by  the  upper passage,afler  that  addition. 


.£»; 

b 

.3 

i 

li 

=  1 

«. 

Hour. 

.£■'3 

pi 

h 

■si 

1 
II 

.2 

1 

3^ 

11 

1! 

41 

i 

41 

li.S 

1 

■B 

X^ 

.2h 

H 

n 

:: 

H 

9 

ll.-Jfi 

2fi 

u.  la 

0.11 

30.29 

no.  5 

3T0 

4.-M 

31 

u 

0.13 

30.33 

G4 

453 

3 

3.0U 

ia 

6 

O.lti 

30.38 

•60.5 

306 

A 

III.  3D 

34> 

8 

O.U 

30.39 

G6 

333 

9 

4. (HI 

40 

16 

0.19 

30.00 

63 

3M 

10 

3.50 

29 

6 

0.33 

30.13 

55.5 

338 

Id 

4.13 

25 

8 

0.18 

30.30 

73 

13 

10.00 

27 

9 

0.18 

30.00 

67 

344 

11. IS 

87 

8 

0.19 

ZI.99 

69 

350 

I.3S 

37 

S 

0.18 

29.96 

73.5 

331 

16 

S.30 

31 

IG 

0.15 

99.94 

83 

960 

17 

la.  30 

31 

6 

0.17 

30.14 

69.5 

983 

a.io    . 

in.  5 

C 

O.IB 

30.13 

68v 

294 

a.43  i 

C     2fi 
1     25 

6 

0.19 

30.14 

65 

30& 

80 

11. IW  • 

G 

0.30 

29.ff7 

68 

317 

a 

4.50     ^ 

33 

6 

0.30 

29.79 

83 

966 

7.00 

29 

G 

0.18 

99.78 

76 

964 

24 

11. -25 

M 

|] 

O.W 

39.94 

75 

320 

5.65 

2:1.5 

U 

0.32 

29.89 

81 

313 

25 

9.45 

13 

L.  12 

o.as 

99.99 

68 

430 

a.  Oil 

13 

12 

0.19 

2a.  95 

73 

474 

X 

7.30 

13 

rj 

0.90 

30.00 

79 

373 

111.30 

II 

13 

0.30 

39.99 

K 

470 

11.30 

13 

13 

0.30 

,    29.98 

79 

413 

27 

9.-i5 

31 

U.  13 

o.ai 

29.93 

74 

388 

10.30 

21 

13 

0.21 

29.90 

Trt 

308 

11.00 

31 

12 

0.32 

29.90 

77 

310 

11.30 

ao 

19 

0.35 

29.90 

■ra 

309 

0.00 

19 

1-2 

0.34 

09.91 

81 

310 

0.45 

31 

13 

0.33 

29.91 

19 

306 

iMe 

Atlow. 

31 

9.00 

1G.5 

13 

0.41 

Sit.97 

61.5 

303 

0.03 

15 

13 

0.40 

29  .R3 

61 

310 

0.30 

15 

13 

0.41 

39. H3 

61.5 

310 

I.IW 

15 

13 

0.43 

29.^ 

64 

319 

1.40 

15 

13 

0.40 

29.83 

63 

316 

L' 

R.OO 

IS 

G 

0.3.S 

30.00 

55 

280 

r_ 

«.30 

19 

6 

0.35 

30.03 

57 

303 

fc: 

10.00 

21 

6 

O.SG 

30.03 

60 

m 

m 

10.  U 

21 

G 

0.3G 

30.05 

59 

314 

r^ 

3.30 

18 

6 

0.38 

30.04 

67 

322 

■  7.30 

13 

L.6 

0.38 

30.36 

57 

513 

Id 

S 

0.40 

30.38 

63 

Thcf.  borat 

above 670°. 

a 

« 

".38 

30.34 

64 

issssi" 
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TABLE  C:3^CIII— Continued. 


s  s 

P 

a 

i 

"BJk 

• 

d' 

•8 

^£ 

2m        * 

Dale. 

Hoar. 

S  u 

IK 

P  M>^ 

ll 

a  — 

ht  of  water  in  ajpbo 
inches. 

.9 

a 

i" 

•> 

i  . 

Temperature  of  air  ontsi 
chimnej,  in  degree*  [ 
xenbeit. 

BS.S 

wf 

o 

A*   ^w. 

Jtine  S 

1.00 

13 

L.    6 

0.40 

30.80 

67 

3 

0.10 

18 

U.  6 

0.30 

89.90 

78 

398 

1.00 

19.5 

6 

0.86 

89.87 

81 

318 
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Remarki  m  tht  prteediiijf  taBU. 
:  Th«  last  colnmn  shows  that  the  lowest  result  from  any  given  ernl  ww 
^oerally  obtained  when  the  combustion  was  conducted  with  a'aampo' 
tartly  closed.  The  want  of  a  free  aecess  of  air,  the  stifling  effect  of  n- 
laininB  the  products  of  combustioii  near  the  fire,  and  the  increased  qoan- 
titjr  01  srD0k<>  produced  in  such  cases,  are  auffident  iodicaiwoa  as  lb* 
source  of  this  inferioiily. 

•  Ftomtheco\m^a»nadta*^ratwtoMaHuUco/<9ifga*eM,9fearbimiemeid 
land  ory^vn,"  it  ii  Ibnnd  that  the  avenge  per  centage  of  tho«>  two  maie- 
ilals,  and  dieir  sum,  fer  the  severil  classes  of  coals,  was  as  ibliowB,  vis: 

n.)  OrUwrnmhweittd—by  M  tJMijwm,iUtmtmiftUwm  9.US;  «>Ka^  iaj»4ifM»,M.ai 

<S.)MaiTludft«»4mmiaK  10  "  "  lO^W  "  10JW4  "  St.m 

2a.)  FUMvlnHft   4o  9  «  "  8.S51  "  I0.S7»  ■*  VLSM 

tf4.}Tirgiiml«lwwiimu  16  «  «  9J«  •■  lUSe  •*  AMI 

Is.)  Fonifn  faittuitiiKMia  11  .    «  "  10.9K  **  9.SBS  "  mSU 

m)  CuuBlIgS  bhonuiwu*  S  "  "  U.9D7  "  UIO  "  IfcTlT 

i(7.)  Rn«  wood  «  .    «  "  9^11  "  mSU  "  IMH 

1  In  sereral  of  these  cases,  the  swn  of  the  oxygen  and  catbonic  acid  is 
islmost  ideDtical  with  the  jnoportioo  in  which  oxygen  is  found  in  th«  at- 
mosphere. Thus,  Nos.  2, 3,  4,  and  B,  give  a  mean  of  10.315  of  carbonic 
iacid,  10.610  of  oxygep.  An  excess  may  probaUy  be  r^nsd,  in  some  ia.- 
stances,  to  the  existence  of  carbonic  acid  in  the  coal,  in  theatale  of  cai^ 
'  Iwnates ;  and  a  deficiency  to  the  production  of  much  water  of  c  ~ 
tas  in  cases  of  the  highly  bituminoiu  coals  and  of  [rine  wood. 


Evapwativt  pmter  i 


TABLE  CXOT.     " 
f  the  heat  expended  an  the  products  of  eomhu^wi. 
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Beaver  Meartow  (flope  Ho.  3) 

10.  u 

Barr'ii  Deep  Run 

2i.0S 

Pored  Imprnremeni     - 

P.W3 

Mi(tloihiaii(ftflreeljhafl)      - 

13.94 

Peach  Mounlsin 

10.89 

CreeW  Company's  coal 

la.M 

Be.ver  Meadow  (slop*  No  &) 

14.91 

ChfMe'field  Miniug  Company 

•23.81 

Lehigh  -           -           -           - 

20,93 

Mj>lloil.ian(newsb3n) 

is.oe 

Lackawpnna     - 

IM.-it 

is.i- 

NaicMl  coke    - 

U.6H 

Midiubian  (-creenol) 

13.  er 

Coke  of  Midloihian  coal 

Vi.  15 

18.11 

14.2: 

Sidney 

90-05 

New  V,.rii  and  Maryland  Mi- 

PioiJ 

14.93 

ning  Company 

15. « 

LiverpiKil        - 

17.711 

Ner.-tComberland)    - 

lft.-je 

Scololk 

It;.  14 

AikiDsoo  and  Templeman's    - 

15.63 

CanneliOD  (lodiana)  ■ 

18.*! 

Easbj's  ■■Coal -in -Store" 
Ei-hyandSmilb's 

17.41 

aw 

Pine  wood       - 

37  m 

Dauphin  «nd  ^Il^qoellann8l      ■ 

ia.54 

■Blossbarg 

14.19 

Lyeomlag  Creek 

\  Vb.ffi\ 
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The  preceding  table  i9«deri\red  from  the  numbers  in  the  latter  columns 
of  table  CXCIV,  and  gives  the  differences  between  the  average /o/'// evap- 
orative powers  for  each  kind  of  coal  found  by  the  last  column  of  that  ta- 
ble, and  the  steam -generating  power  displayed  by  the  boiler,  as  exhibited 
in  the  column  immediately  preceding. 


Heating  power  as  tested  in  making  chains. 

Nothing  more  than  a  very  general  approximation  could  be  expected 
from  this  and  similar  methods  of  testing  the  relative  strength  of  coals. 

The  same  workman  would  not,  probably,  in  every  instance,  make  the 
same  number  of  links  with  the  same  number  of  pounds  of  coal.  ' 

A  given  coal,  tried  at  two  different  periods,  might,  with  a  little  more  or 
a  little  less  care  and  economy  of  time,  give  results  considerably  different 
firom  each  other. 

The  relation,  however,  between  the  steam  generating  and  the  chain- 
making  power  of  several  of  those  coals  between  which  considerable  dif- 
ferences in  constitution  are  known  to  exist,  will  be  abundantly  evident 
from  inspection  of  the  table. 

Thus,  between  the  Scotch  and  the  Liverpool,  and  between  the  latter 
and  the  New  York  and  Maryland  Mining  Company's,  this  relation  becomes 
apparent 

It  will  be  seen  that  three  different  sizes  of  chain  were  in  progress  of 
manufacture  at  the  different  periods  at  which  these  experiments  were  made. 
They  can,  however,  be  all  reduced  to  the  same  size  by  a  comparison  with 
a  common  standard  sample  of  coal,  which  was  used  on  two  sizes  of  chain. 
Thus,  Atkinson  and  Templeman's  coal  made  18  links  of  a  chain  If  inch 
in  diameter,  and  8  links  of  another  chain  1  ;^  inch  in  diameter,  by  the  use 
in  each  case  of  60  pounds  of  coal.  Midlothian  "  new  shaft"  coal  was 
found  adequate  to  the  making  of  1 4  links  of  If  inch  chain;  and  three  Vir- 
ginia coals  (viz :  Crouch  and  Snead's,  Creek  Company's,  and  Chesterfield 
Mining  Company's)  having  a  mean  evaporating  power  almost  identical 
with  the  Midlothian  "  new  shaft,"  put  in  9  links  of  If  inch  chain. 

Admitting  their  heating  power  when  tried  on  chain  to  be  the  same  as 
that  of  the  '<  newshafl;"  then,  in  making  chain  If  inch  in  diameter,  they 
would  have  been  capable  of  making  each  14  links  of  that  size. 

A  decided  general  confirmation  of  the  relative  heating  power  of  the 
coals,  as  deduced  from  evaporation,  is  afforded  by  the  comparisons  in  the 
second  and  fifth  columns  of  the  following  table.    Thus — 

F<,..r  sampic,  viz,    |  Sooteh,  Cnnclton,  Pictou,  and  Liver- >  .7535  ^^j^ 

C  Crouch  &  Sue&d\  Creek  Company^^i,  J 
Fire  Rriin])lcH,  viz.,     ^      Midlotliimi,    (new  »haA,)  Chester- >  gave         •  6.769  14.00 

f      field,  tind  Dniiphiii  and  Susquehanna,  S 

Four  namplcs,  v.,;,    J     „„d  Midl...hian,  (!>00  foe.  shaft,)  P"«        "••'•«  "•** 

( NofTs,    Atkinson    &     Templcman*s,  i 

Fbur  9.irnples,  vi/.,    ^     IWrM,  and  Neu- York  d^  Maryland  >gavtt         -  9.S71  19.00 

(     Mining  Company,  ) 

Fur  reasons  above  stated,  and  from  the  smallaess  of  the  qnanti 
coal  used,  the  indi  '  samples  could  hardly  be  expected  to 

fewer  or  less  impc  ^.pancies  thaa  are  to  be  &\]Lwd  vqlV^ 


Bd&NMaiffl 

TABLE  -OXXm.    • 


Relative  Aeating  powtes  a/ difereai  biluminoua  coals,  as  tested  in 
chain  cabte,  cvttipared  with  tkeir  evaporative  pototrs. 


DcsiguatloB  of  coaIp. 


w 


fecHch  ..... 

^itUM  (New  Ywk) 

linrpool     ..... 
,  ]|&d1otblui(niv  duft)       • 

HrwtmMlr 

AlkiiMon  «Bd  Templemu  . 

Saw  York  ud  Marrlasd  Uloiag  Ccaipinr 

.Croach  a&d  Socad  -  .  .  . 

Ot«ek  Compuir       .... 

CBesierfielJ  Mining  Company 

Dtophln  aod  Susqueharma 

BtOEsbarg     ..... 

Unin'a  Rod  ..... 

CaiineUon  (tDilllDa] 

Pork)  of  JenniDgaV  rim  (Maryland) 

HidlothUn  (900  feet  sbofi)  . 

Reff'.*  CDinbcrlaad  .... 

AlkiDsoQ  led  T euplmin  ... 

Barc't  Deep  Hod       .... 


On  the  relative  reductive,  powers  of  different  claxaea  nf  coats,  as  demi» 
strated  bj/  tM  txperimerUa  vilh  oxide  of  lead. 

The  general  result  of  experiments  on  37  varieties  of  cnnl,  tested  after 
the  manner  of  M.  Berthier,  may  be  exhibited  by  coliectiiig  into  one  view 
'he  four  average  results  derived  from  the  several  classes  of  coals.  The 
«n  ratio  oTJired  to  volatile  combustible  matter  of  each  class  is  added, 
'>rding  the  means  of  Judging  approximately  bow  far  the  volatile  con- 
Oent  affectS'  the  reductive  power.  The  weight  of  oxygen  giTen  up 
dis'  lead,  ledmed  by  1  ^nn  oS  ccncA»a,\)kAA  vnoiex  m  the  coat  MMpi^ 
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is  calculated,  from  the  knonro  composition  of  litharge.  Had  the  com- 
bustible matter  been  pure  carbon,  and  the  product  only  carbonic  acid, 
the  oxygen  would  have  been  2.66  parts  to  1  of  combustible.  This,  it 
will  be  seen,  is  only  apyrtxiched  by  the  anthracites,  and  is  farther  and 
farther  receded  from  by  the  bituminous  coal.i,  in  proportion  as  iheir 
bituiniuousnees  increases.  Tn  the  series  of  averages  of  my  own  experi- 
meuta,  I  annex  a  similar  series  of  the  results  given  by  M.  Baudin,  some 
of  which  hare  already  been  separately  cited. 

TABLE  CXCVII. 

Average  reductive  powers  of  Ainerv:an  and  foraign  coals,  as  tested  by 
lUharge. 


ir 
ft 

Origin  and  n&lure  oFlbe  cools  aMnyed. 

Ml 

I 

z-1 

lil 

5-at 

r^M 

o 

1.  Coal.  a..»ted  dbs^o  t„««  ««b*rc,u.. 

e 

7  FenBaykaniH  anthrdciles  ajid  1  roiDpleof  oaliirHl 

cokeofVirsimn             .           .           ,           - 

J0.537 

32.517 

23.891 

S.S1D3 

11 

I0.S7T 

31.731! 

4.9U8 

S.44!I9 

10 

Vi^iniii  liitiiminoua  cools              ,           ,           - 

11,533 

2M.184 

2-(l54 

2.IT65 

e 

2.  Fbemch  coal.  ,.»«ld  bt  M.  Baid.s, 

H.71U 

27.710 

1.955 

2.1413 

3 

«nd  ChnniUlcd 

33.5a0 

6.566 

3.K7G 

3 

2  frtt-huriiiiic  conla  of  La  C.mbelle,  Biid  1  of  Lea 

Bniihfs,  {Gnnioire  At  3  pieda)   - 

32.040 

3.477 

3.4734 

3 

Biiiuiiinoua  coals  of  Ijingeae,  Chnroplai-V,   mid 

Miidie     -           -           -           -           - 

29.630 

a.  155 

3.3098 

3 

Ben        -            -            -            .     ■      .    '       . 

27.586 

1.446 

3.1395 

The  French  anthracites  had  obviously  a  much  larger  proportion  of 
volatile  matter  than  the  American.  They  corresponded  in  this  respect 
very  nearly  with  the  natural  coke  of  Virginia,  of  which  the  ratio  of  fixed 
to  volatile  combustible  is  6.269.  The  average  result  in  lead  obtained  by 
H.  Baudin  for  the  four  classes  of  coals  is  about  2.2  per  cent,  higher  than 
that  given  by  my  trials  of  analogous  classes,  '{"his  I  attribute  to  aproba^ 
bte  alight  admixture  of  red  oxide  with  thu  protoxide  oi  lead  which  1  em- 
}4oyed.  Though  procured  from  a  house  of  high  celebrity  for  dealing  in 
pure  chemicals,  its  complexion  led  to  the  suspicion  of  a  slight  excess  of 
oxygen  in  its  composition.  As,  however,  the  same  kind  of  litharge  was 
used  for  all  the  samples  of  coal,  the  purpose  of  these  oomparative  triata 
is  equally  well  answered  as  if  it  had  been  chemically  pure.  ■ 

In  some  of  the  ultimate  analyses  of  coals  already  reported  maybe  fonnd 
evidences  that  the  lead-reducing  power  depends  (as  tK&{[R«^\w%'>a&^^ 
indicates)  oa  the  carbon  constituent,  and  uol  on  ^%  cf^«v  ^Aias»>*> 


9m 
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Thus  the  aoiljrsi*  of  OamlNria  jponiitf  coal 'Of  PemuyHinia  pramd  its 
combustible  matter  to  contain  ^IMfi  pier  ^enW  of  cvbon ;  and  eKperi- 
ment  shoved  itSy  lead-reducing  power  to  be  31.464.  A^n,*  ultinate 
analysia  showed  Glover  Hill  coal  of  Yirginia  to  hayeiw  its  corabnstible 
souitler  83.393  per  cent  of  carbon,  and  the  trial  by  litbam  proved  the  le* 
dttctiTe  power  of  the  same  coinbostible  matter  to  be  WiBStl.  Now,  to 
eompuu  the  ledactife  power  of  Clover  Hill  combustible  matlar  fiom  ill 
carbon,  we  have  91.955  :  83.393 : :  31.464 :  x  -20534,  which  tuKf  bs 
considered  identical  Vith  that  obtained  by  experiment  The  rednctivs 
power  of  coals  is  obviously  of  .gr^at  iinponance  in  connexion  with  their 
application  to  the  metallurgic  arts,  and  especially  to  the  smelting  of  iron. 


Heaiing  power$  derived  from  ultimate  anafysee  of  eoale. 

The  comparisons  which  in  the  course  of  this  report  I  have  been  eaa* 
bled  to  make  between  the  practical  steam-generating  power  of  the  eM- 
hueiibh  matter  of  several  kinds  of  coal,  and  that  derived  fiom  their  ul6- 
mate  analysis,  and  thence  calculated  from  the  quantity  of  carbon  whieh 
they  severallj  contain,  enable  me  to  offer  at  present  the  following  cases 
illustnttive  or  this  subject  Should  I  be  herewer  empowered  to  complete 
die  series  of  researches  so  as  to  obtain  ultimnte  analyses  of  all  the  ooals 
which  have  been  tested  by  evaporation,  a  mass  of  evidence  would  be  ae- 
cumulated,  which  might, mall  probability , set  the  question  finally  at  rest 


Cambria  county,  Pennsylvania 

Midlothian  (new  shaft,)  Virginia 

Newcastle,  England  - 

Clover  Hill,  Virginia 

Scotch 

Indiana  (Cannelton)  - 

Mean  - 


Btaporatittt  power 
or  1  of  combo.*- 
tible  matter  by 
steaming  appa- 
ratus. 

-  11.660 
.  11.460 
.  10.898 
.  10.537 

-  10.206 

-  9.557 


Power  csksk- 
led  ftom  'Vf- 
&#f»  asecnaia- 
edbyalttmate 
analysis. 

11.522 
11.731 
10.545 
10.445 
10.393 
9.509 


10.701 


10.691 


Notwithstanding  this  very  remarkable  approximation  (or,  I  may  say, 
identity)  of  the  two  numbers  in  these  six  instances,  I  would  not  be  under- 
stood as  announcing  the  universality  of  the  law,  that  the  weight  of  carbon 
alone  in  coal  is  the  only  available  element  of  its  heating  power.  I  only 
bring  forward  this  number  of  facts,  all  tending  in  the  same  direction, 
all  in  harmony  with  each  other  and  with  pre-existing  experience,  so  &r 
as  any  tolerable  degree  of  exactness  has  been  given  to  researches  in  rela- 
tion to  this  subject 

In  the  works  of  European  chemists,  the  calculated  '^heating  power"  of 
coals  is  ascertained  by  the  numbers  for  hydrogen  and  carbon  determined 
by  Despretz  and  Uulong.  In  Peclet's  work,  Pennsylvania  anthracite  has 
assigned  to  it  a  hoatinff  power  represented  by  7211°  centigrade,  or  12960^ 
Fahr;  Newcastle  coal  7866P  cexiX.,  wt  \1\6%^  Pahr,  Now,  in  practice,  8 
jkiods  of  Pennsylvania  anvYoaciX^  ^^^  ^\fi»ax^  ««i«^^>o«^\w«^  ^1  ^M^ 

aDd  JVewcasde  coal  gave  8.^. 
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Meana  of  calcxilatwg  the  proportion  of  moistvre  in  the  air. 

The  two  following  tables,  extracted  from  the  Encyclopedia  Brittanica^ 
lave  been  employed  iu  the  course  of  these  researches,  and  for  the  practi- 
*M  purposes  here  contemplated  have  been  Ibiind  sufiicicntly  correct. 

TABLE  CXCVIII, 

Joniaining  the  weights  of  watery  vapor  in  one  cubic  foot  of  atr^  at  dew 

points y  froni  0  to  100  degrees  Fahrenheit. 


ffkhren- 
Jie4t. 

Grains  in  a 
fooc. 

Decrefs 

FahFCD- 

heit. 

Grains  in  a 
fool. 

Dejfrees 

Fahien- 

beii. 

Grains  in  a 
tool. 

Deffrees 

Fahren 

heiu 

Grains  in  a 
foot. 

0 

0.186 

26 

1.915 

51 

4.382 

76 

9.523 

1 

0.810 

27 

1.986 

52 

4.524 

77 

9.813 

s 

0.836 

28 

2.054 

53 

4.671 

78 

10.111 

3 

0.864 

29 

2.125 

54 

4.822 

79 

10.417 

4 

0.8!« 

30 

2.197 

55' 

4.978 

80 

10. 732 

5 

0.9)5 

31 

2.273 

56 

5.138 

81 

11.055 

6 

0.937 

32 

2.350 

57 

5.303 

82 

11.388 

7 

0.993 

33 

2.430 

58 

5.473 

83 

11.7-29 

8 

1.028 

34 

2.513 

59 

5.648 

84 

12.079 

9 

1.065 

35 

2.598 

60 

5.828 

85 

12.439 

10 

1.103 

36 

2.686 

61 

6.013 

86 

12.808 

11 

1.U3 

37 

S.776 

62 

6.  •:o4 

87 

13. 185 

IS 

1.184 

38 

2. 870 

63 

6.400 

88 

13.577 

13 

irzoe 

39 

2. 9o6 

64 

6.602 

89 

13.977 

11 

1.270 

40 

3.066 

65 

6.810 

90 

14  387 

15 

1.315 

41 

3.168 

66 

7.024 

91 

14.809 

16 

1.361 

42 

3.274 

67 

7.243 

92 

15.241 

17 

1.409 

43 

3.382 

68 

7. 469 

93 

15.684 

18 

1.459 

44 

3.495 

69 

7.702 

94 

16.140 

19 

1.510 

45 

3. 610 

10 

7.941 

95 

16.607 

'  90 

1.663 

46    ^ 

3.729 

71 

8.186 

96 

n.oec 

• 

81 

1.619 

47 

8.851 

72 

8.439 

97 

17.577 

» 

1.614 

• 

■   .'48 

k  1       A 

8.979 

1 

73 

8.699 

98 

18.081 

.   -8S  ' 

•• 

1 

74 

8.966 

99 

18.598 

75 

9.941 

• 

100 

19. 129 

* » • 

■ 

I 

I 

^^88 
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TABLE  CXCIX.— Dw  points,  from  ikg 

(EXCESS  OF  TEMPERATURE  OF  THE 


Tempera- 
ture of  air. 


Dtg, 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 

90 
89 
88 
«7 
86 
85 
84 
83 
&2 
Bl 

SO 
79 
78 
77 
76 
75 
74 
73 
7-2 
7J 

70 

ts 

G7 

iio 
«4 
63 
6:2 
61 

60 
,VJ 
5H 
i>7 
,')6 
53 
54 
53 
52 
51 

51) 

4!) 

4vS 

47 

46 

4.) 

44 

43 

4-i 

4J 

40 


1 


2 


98. 8|9 


7  96. 6 1)5. 
7195. 5'94. 
7|94. 5|93. 
6  93. 4192. 
6'92.4'9l. 


97.8  96. 
96. 8i95. 
95. 8194. 

94.8,93 ,   -. 

93.8192. 6191. 4I9O. 
92.8J91. 
91. 8  90. 
90. 8189. 


f'94.2 
3193. 1 


93.091. 


8 


89.7 

88.7 


88. 
87. 


6  90. 4  89. 
6-89. 4!88. 

6|88.4'87. 
587*386. 


85. 
84. 


5'86. 3 
87. 7  86. 5'85. 3 
86. 7  85. 5'84. 3"83. 
85. 7184. 5:83. 2l81. 

5'82. 2;80. 

4181. 1,79. 

4,80. 1178. 

4'79.1i77. 


78. 
77. 
76. 
75. 


91.9-90.71 
3,92.1190.9:89.7 
291.0189.888.6 
2190. 0,88. 8'87. 6 
2i89.0U7.8|86.5 
2,88.  Ol86.  7  85. 5 
2'87.0:85.784.4 
2i85.9,84.6'83.3 
184.983.6|82.3 

183.8,82.5181.2 
0;82. 7181. 4180. 1 
0:81. 7l80. 479. 1 
9|80.6j79. 3178.0 
9:79. 6  78. 2i76. 9 
878.5  77.275.8 
8!77.5'76.1i74.7 
8  76. 4  75. 0  73. 6 
76.  7175. 373. 9i72. 5 
75.6  74.272.€l,71.4 


6177. 376. 0  74. 6,73. 2  71. 770. 3 
6|76. 375. 0  73. 5172.  ll70. 7169. 2 
6  75. 3173. 9  72. 5  71. 0169. 5  68. 0 
6'74. 2  72. 8  71. 4;6"9. 9:68. 4  66. 9 


84. 7.83. 
83. 7182. 
82.7|81. 

81.7j80. 
80.  779. 

79. 7|78. 


4178. 1 

377. 0 


90.6 
89.5 
88.5 
87.4 
86.3 
85.3 
64.2 
83.1 
82.0 
81.0 

79.9 
78.8 
77.7 
76.6 
75.5 
74.4 
73.3 
72.2 
71.0 
70.0 

68.8 
67.6 
66.5 
(!5.3 


74. 6  73. 2!71. 8,70. 3  68. 9  67. 3,65. 8i    64. 2 
73. 


7»> 

71. 
170. 

'6i). 

I 

l64. 

'60. 

|5<). 

i.'>.S. 
;57. 

'5.V 
j54. 
53. 
!51. 

|50. 

•vx 

]4<J. 

43. 
'44. 

43. 
'4:>. 
,41. 
'40. 
J38. 
37. 
36. 


6  72. 2)70.  7'69. 2  67. 7  66. 2  64. 6 
6  71. 1  6*9.  7  6e.  2  66.  665. 1  63. 4l 
5  70.  r6S.  6  67.  Km.  :>  64.  (» :6'2.  % 
3  6'J.  1  67.3  66.0  64.4  62.^61.  1 
3  Ji8.  i)m.  3  64. 9  63.  3  61.  6  59.  9! 

3  67. 1)  C>5.  4  63.  h  62.  2 60.  558.  7' 

4  m^O  64.  :<,«/>.  7  6J .  O'.VJ.  3  37 .  3 
4  64.  lh)3.  'J  61.  6  39. 9  3f<.  1  36.  3' 
4  63.  ^  62.  X!'60.  3  3>'.  7  36.  9  33.  {I 
4  6:2.  7  61. 1  39. .')  37.  3  33.  "J  '}'A.  7 
3  61 .  7  6U.  0|3.s.  'J  3().  4  34.  3  3-->.  3 
3  60.  6  38. 9  37. 1  35.  li  33.  :>  31.  2 
3  39.  6  37.  .^33.  ^  .j4.  U  3:2.  U  49.  hi 
3  3H.  3 .16.  7  34. 8 .52.  >  30.  7  ;48.  3, 
2  37.  4  .13. 3  33.  6  31 .  3  49.  4  47,  I 


63.0 
61.8 
60.  6  j 
.39.31 
38.1 

36  9 
53.  61 
34.3; 
33.0' 


31. 
50. 
49. 
47. 
4(;. 
44. 


2  36.  3  31.  4  32.  4  30.  3  4.s.  1,43.  7, 
2  33.  3  33.  3  31 .  2  41J.  1  46.  h  4  4.  3 
1  34. 2  .V2.  2'3().  0  47.  h  43.  4'4'2.  9' 
133.  I  31.  0  48.  h  46.  3  44.  0  41.  4 
U  32.  0  49.  h  47.  6  43.  2  42.  6  39.  s 

0  30.  ^  48.  (J  46.  3  43.  8  41.1  .38.  o 
!»,49.  7  47.  3 45.  0  42.  4 39.  t\:Hi.  6 
9  48.  6  46.  243.8  41.  138. 134. H 
r^  47.  3  43. 142.  4  39.  6  36.  6  33. 2 
8  46.  4,43.  8  41.  13H.  235. 0  31.  4 

7' 43. 2  42.  6  39.  7  .36.  6 .33.  3  29.  3 
6  44.  141.  3  :J8.  4  33.  131.6  27.3 
3'  12.  9  40.  0  37. 0  33.  3  29.  7  2.'>.  3' 
4  41.7  .3-.  7  35. 3  31 . 9  27. 9  23-  3; 
4  40.3  37.4  34.0.30.  125.7  20.8, 
2 .39. 3  36.  1  32. 3  28.  4  23. 9  18.  5 

1  .3m.  131.  7  :iO.  9  26. 221 .  7  13. 8' 
1  '36. 8  33. 2 2i).  324. 7  V.\.  \  VI. % 
933.  6  31.827.1^22.1  \V>.^i\  \\.'"i\ 


'I 
4; 
Ol 


I 


43. 
41. 
40.1' 

38.3; 
,36.8; 
33.1' 
33.3" 
31.31 
29.7' 


I 

2;").  3 
23.0; 
20.6' 
17. 9i 
14.8; 
I2.0I 
8.31- 
4.6'- 


89.4 
88.3 
87.2 
86.1 
85.1 
84.0 
82.9 
81.8 
80.7 
79.7 

78.6 
77.4 
76.3 
75.2 
74.1 
73.0 
71.8 
70.7 
69.6 
68.4 


G7. 
66. 
65. 
63. 
62. 
61. 
60. 
58. 
57. 
.56.  2 


00. 

33. 
v> 

51. 
49. 
48. 
46. 
43. 
43. 
42. 

40. 
39. 
37. 
33. 
33. 
31. 
29. 
27. 
23. 


0 

3i 

6' 

21 

'i 

1; 

..  I 

o. 

-1 

(J  I 


6, 

4; 


3 


07  4      *»  I) 


20. 
17. 
14. 
11. 

/. 

3. 

-  1. 

-  7. 


71 
4, 
4|- 
6 


10 


88.1 
87.0 
85.9 
84.8 
83.8 
82.7 
81.6 
80.5 
79.4 
78.3 

77.2 
76.0 
74.9 
73.8 
72.7 
71.5 
70.4 
69.2 
68.1 
66.9 

65. 

64.5 

6.3.3 

62.1 

60.8 

59.5 

58.3 

57.0 

33.  7 

54.4 

53.0 
31.6 
.50.2 
48.  ?s 
47.3 
43.  f 
44.3 
42.7 
41.1 
.39.  4 

.37.7 

33. 9; 
,34.0, 
32.  1 ' 
30. 0' 
27.8 
23.  6! 
23. 0; 
20.3 
17.7' 

14.7' 

11.2 

7.3- 

3.  li 

-  2.  6 


11 


86.8 
85.7 
84.6 
83.5 
82.5 
81.4 
80.3 
79.2 
78.0 
76.9 

75.8 
74.6 
73.5 
72.4 
71.2 
70.0 
68.9 
67.7 
66.5 
66.3 

64.1 

62.8 

61.6 

60.3 

59.1 

57.  7 

56.4 

55.1 

53 

52.  4 


f   , 


51.01 

49.  3! 

4?<.ni 

46. 3i 

43.  Oj 

43.4; 

41.7 

40.1 

38.3 

36.4 

34.6 

32.  6i 
,30. 3' 
2^.  3' 
26.  Oi 
2,3.  4 
20. 8| 
17.8! 
14.8' 
11.3 


12 


13 


14 


85.5 

84.4' 

83.3) 

82.2 

81.2 

80.  ll 

78.9 

77.8 

76.6 

75.5 

74.4 
73.2 
72.1 
70.9 
69.7 
68.5 
67.3 
66.1 
64.9 
63.7 

62.4 

61.1 

59.8 

58.5 

57.2.' 

55.91 

54.5; 

53.  r 

51.7, 

50. 3 

48.8' 
47.. 3 
43.  7 
44.1 
42.4 
40.  7, 
39.  0 
37.1 
33. 2 
.33. 2' 

31.1' 
28. 9 
2t;.  6 

24.  r 

21.4 
1><.4' 
15.3 
11. ,5' 

7.8,- 

3.  .3;. 


84.282.9 
83. 1  ^1. 8 

82.oeo.7 

80. 9'79. 6 
79.878.4 
78,7177.3 
77. 5,76. 1 
76. 4'75. 
75.*7S. 
74.  l:Ti7l 

73.oi7].5 
71.570.3 
70. 669. 1 
69.4167.9 
68. 2*66. 6 
67.(^65.4 
65.7.64.1 
64.5.63.8 
63.261.5 
62.0|60.3 

60.758.9 
59.4i57.6 
58.1.56.9 
56.r54.Ji 
55. 353. 4 
54.0*52.0 

52. 5  50. 4 

51.1  49  0 

49.6  47.3; 
4-?.  1  43.  7' 

46.5  44.1 
44. 9  42.  4 

43. 2  40.51 

41.3  3r*.H! 

39. 7  36.  s*. 
37. 9. 34.  r; 
36.032.7 

34.0  30.5 
31.9  28.2 
29.  7  25.  7 

27.323.0 
24.  .-20. 1 

22.1  17.0 

19.2  13.5 
16.1 
12.4- 


8.  .5'. 


3.7 

1.4: 


7.4—  2.0 


2.  9. 
2.4' 


2! 

Oi 


834.3'30.3.25.B20.ViU."i\  ^.2v—  "^A\\, 
7l33.0  28.823.M«.\^U.^\  'i^^—U^ 


,\, 


.V 
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Hiiiong  of  dry  and  wet  bulb  iAemumeters. 
OVER  THE  MOIST  BULB.) 


ttoft 


' 

g 

1 

J* 

2 

^c 

I 

1 

1 

.1 

r- 

£■ 

I-. 

XM«MtUa«roNlii 

i 

it 

1 
1 

1 
s 

1? 

|i 

c 

11 

.2" 

i 

1 

"3 

i 

L 

J 

I 

J_ 

1 

0 

1 

3[ 

I.GII 

ien.641. 

H,93 

i.6ie 

40.7*1 

E 

Bin-er  MMdow,  «tppe  No.  3, 

Pa. 

Be.iser  Meadow,  ili.pe  Ko.  6, 

Pa. 

1.551 

9fi.93 

66.19 

0.580 

39. B( 

PorMl  ImproveroeBl, 

Pa. 

1-47) 

9i.3i 

M.66 

0.631 

41.75 

P<:ach  MuanUin,      • 

Pa. 

1-41; 

91.51 

53.79 

1.588 

41. M 

LcMgh,         .           .           .           - 
Lackuvanna,           ... 

Pa, 

1.59( 

99.39 

&5.U 

b.557 

M.6S 

Pa. 

I. tit 

88.B4 

48.99 

I.MO 

45 .« 

1 

Lykco's  Viillry. 

Pa. 

\.m 

86.98 

48.66 

).659 

4s.i:f 

s 

aea?er  Meado*. {n«vy  yard,) 
Niia'al  coke  of  Virfinta    - 

Pa. 

ea.M 

«.6B 

.«« 

Va. 

i'.'m 

"m.To' 

46.M 

Kw 

48.1)1 

ifc 

V» 

82,70 

as.w 

Ciike  of  Ntfl'K  (Cumberland)  eual  ■ 
td  i  Ki  a  re,  one-£l>h  MidlolbiiiD  and  Icm 

Md. 

31. 67 

7U.SS 



r-fillha 

Beaver  Mradon   - 

54.90 

41.26 

Mixiore,  oae-finb  Cumberluid  aiid 

foor- 

sn>«  Bover  M.adow      - 

New  York  aad  Maryland   Miuin!! 

64.61 

Com- 

■ 

pany's,       .            .            .            - 

Md. 

1-431 

89-44 

53.7-1 

i).m 

41.71  10. :t 

rj  ■-■' 

Ncff's  Cumberland  • 

Md- 

1.33T 

(,3.-m 

54.21 

0.65J 

4I.3G1  ii.tr 

T1..W 

Ea.'.by's  "  Coal-in-Slore"      - 
Aikioson  and  TeiDpletnan'v 
■Ea^bj- 4  graiihV,      . 

Md. 

1.3(17 

m.m 

63.47 

It.  6.5 

41.90 

Ij.,*^ 

Md. 

1.313 

e-iM 

52. 9J 

0.645 

4S.31 

ua 

I«.69 

Md. 

1-S3* 

83- AG 

61.  in 

0  GI4 

43.71 

15-91 

ZiS 

Cumherlan.l.tnai'yy^rd,)  - 
DanphinandSiuqoehnnna, 

Md, 

1.«I1 

fiS.40 

53. 9<) 

0.603 

ii.W 

nias 

Pa. 

1.143^ 

9U-19 

60.54 

O.SrW  41.331 

H.« 

BlosLborg,     .           . 

Pa. 

i.:«i 

»i.',3 

63.03 

).ii4I  4«.«y 

H.W 

a.ii 

l^ycomlng  Creek,     - 

Pa. 

1.388 

8S.74 

55. 3R 

t.638 

40.45 

IS.M 

H.»i 

Uuin's  Raa, 

Pa. 

1.331 

M.aa 

60. 3J 

0.605 

44.50 

ir>i 

R.1! 

Karihniis,     .... 

Pa. 

1.»'4 

Wl-M 

6^.64 

t.655 

-4)t.G^ 

19. n 

a.T 

Cambria  Cuuniy,      . 

Pa. 

1,407 

B7.94 

53.40 

0.608 

41.90 

90.51 

■.X 

Barr's  Drep  Run,     . 

Va. 

l.3*i 

nn.4i 

53.17 

i.fiia 

ti.tt 

19.11 

7.* 

Crooch  and  Hatai\'», 

Va. 

1.451 

9^1.71 

53.59 

J.  691 

41. » 

at. 

■.R 

Mldlc.ihiBii.Oi«r«ishafi.) 

Va. 

1.431 

ursii 

50.63 

1.57^ 

44.34 

27. 

J.0 

CcMkCompanj'flcoil,        - 

Va. 

1.31? 

W.1H 

46.50 

1.564 

4H.I7 

K.fl 

Clover  Hill,  .... 

Va, 

i.*a 

ft0.3fi 

15.49 

q.56(i 

49.  BS 

38. « 

K.n 

Cheflerfield  Mininc  CompaDy'i,     - 

Va. 

l.*-9 

8n.&7 

4.S.55 

0.5B6 

49.  li 

ai.a 

M> 

Midloibiaa,  ^average,) 

Va. 

Ui3i 

60.90 

54.04 

0.668 

41.4^ 

m.m 

>-l> 

Ui^bM.'r  n<»  chaft")  - 

Va. 

I-34& 

81.14 

46.10 

«.53( 

49.61 

34.  i 

*•<! 

V», 

1.325 

63.82 

47.90 

».5fll 

46.76 

35.  t) 

6.« 

Midloihitn, (navy-yard,)     - 

Va. 

i.ss: 

SO.Jl 

45. 7i 

l-filC 

M.99 

H.1B 

Va. 

I.SiK 

ne.ee 

M.47 

fken 

41.11 

99.  U 

Pictou,  (from  New  York.) - 

N.8. 

8-2,35 

53.56 

D-flU 

41. n 

87.  M 

It.* 

Sidney.         -           -           • 

N.  a 

83.66 

47.44 

0.567 

47. « 

«.tH 

1.9 

Picwu,  (Cnnard'i,)  - 

w.s. 

8-J.>-3 

t9.a6 

'.W 

45.# 

«.«1 

9.7 

Liverpool,     .... 

Bag. 

t.M* 

TH-Sg 

47.88 

n.ain 

46.  W 

39.  H 

*.* 

Mewcastle.   .... 

Bur 

I.S5T 

78,54 

50.83 

n.st7 

44.  OK 

35.  M 

M 

Scotch.          -           -           •           Bcolland 

1. 919 

94.95 

61.09 

0.6M 

43.  M 

39.  n 

»2 

PitubarK,     .           .           -           ' 

Pa. 

i.esa 

78.37 

46.8. 

47.86 

X.1t 

4.* 

CaonelioD,    -           .           .           • 

bd. 

i.vra 

79.54 

47.65 

0:599 

47.01 

33.  M 

8.4 

Dry  pine  wood        - 

\ V 

,>..oT 

..r\ 

ne-M 
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11 

is 

1 

1^ 

■s 
1 

ii 

p 

■5 

1 

|i 
I 

p. 

lit 

Is 

II 
11 

1^1 

°1 

B 

7.11 

37.31 

914.5 

6.G9 

■J.  87 

13.57 

8.30 

9. 31 

505.5 

11.96 

I.OI 

119.4 

3J.4I 

10.468 

4.U3 

^.3H 

;J50.5 

ti.« 

iA-i 

10.60 

8.76 

O.HH 

550.1 

6.74 

0.60 

61.3 

3.1.39 

10.693 

4.41 

i9.75 

UIO.I) 

6.!yi 

3.3-i 

l'i.89 

8.9S 

10.00 

440.8 

6. 97 

11,81 

411.3 

33. 3H 

10.807 

6.13 

3ii.eit 

-:i71.U 

G.m 

J. 54 

14.04 

8.90 

10.11 

545.7 

6.97 

3.03 

^6.6 

33.49 

10.871 

CK 

I6.S7 

3838. a 

6.95 

3.37 

11.63 

7.7i 

8.!l3 

494.0 

T.±i 

1.08 

36.1 

88.93 

9.63G 

6.1S 

]!3.I3 

llv!.6 

0,45 

i.67 

11. 9i 

8.56 

9.79 

477.7 

8.93 

1,34 

57.3 

33.53 

10. 7M 

9.25 

lj.34 

M-i.o 

e.9i 

i.63 

ia.8» 

8.43 

9.46 

459.0 

12.  il 

1.4( 

18.0 

33.60 

10.768 

B.ID 

IW7.3 

4.63 

5.08 

9.43 

7.86 

9.0M 

500,0 

8.IIJ 

107.1 

9.881 

11. CO 

'eiai 

1-209.0 

H.I5 

1.74 

l-i.bt 

7.47 

8.47 

395.3 

18.  40 

5^3: 

ai.g 

■gB.w 

10.389 

16.  SS 

(U7.II 

9.1)4 

i.m 

10.51 

7.40 

8.63 

383.6 

16.54 

0.5 

53.3 

10.343 

13.34 

9y4.d 

8.43 

i.n 

14.91 

7.M 

9.110 

384.0 

13.34 

3.55 

43.7 

10.381 

8.B8 

i050.0 

5.83 

3.21 

10.06 

1.69 

8.86 

481.1 

8.88 

4.9 

9.5 

9.m 

8.  IB 

ani.i 

7.98 

i3.25 

ia.8i 

7.97 

9.18 

(98.5 

8.18 

3.09 

16.0 

9.997 

lAW 

6.3T 

Jl«.7 

B.i8 

1.33 

13.73 

d.65 

9.78 

&-^4.8 

li.7l 

5.43 

10.1 

30.33 

11.308 

10.34 

b.h>, 

43111. 4 

7. SB 

1.68 

U.8II 

8.iel 

9. 11 

i\-i.l 

10,90 

4.  S3 

6.1 

30.73 

10.604 

e.M 

6.11!) 

l5H.a 

li,04 

1.76 

U.73 

8.88 

Kl.OJ 

535.6 

8.38 

1.33 

18.3 

33  69 

tO.936 

7,33 

4  yi 

flSIH.-.i 

7.33 

l).9« 

15.70 

1.4- 

10.70 

566.  a 

7.96 

3.13 

5.1 

3(1.116 

11.634 

9.30 

4.7S 

H74.6 

R.OJ 

1.5:^ 

11.97 

S.09 

9.96 

511.1 

9.69 

3.1)4 

5.3 

33.01 

11.075 

14.  S8 

5.(H) 

14.53 

2.99 

13,5 

■J7.1W 

11.4S 

5.37 

ii557!fl 

li.8B 

ti.'83 

is'te 

i.'ui 

yisi' 

ii-i.H 

10.  HB 

3.90 

33.7 

31.18 

ii!l7i 

10.77 

4.95 

1395  1 

7.77 

J. 81 

15.07 

S.64 

9.73 

515.9 

11.30 

3.4t 

13.7 

:i3.54 

10.956 

13.96 

S.tli 

30:3.9 

0.33 

1.7« 

Id.  13 

7.9. 

6.91 

193.3 

IG.'M 

3.2b 

4<i,2 

33. 8i! 

111.734 

8.41 

4. 05 

lSif3.H 

7.:!U 

U.7& 

13.90 

9.08 

II)  .^7 

ii-.o 

8.94 

1.3 

14.7 

30.90 

11.976 

1.00 

4.11 

3MS> 

0.01! 

1.87 

li.4W 

J.fti 

9.09 

477.4 

7.Wt 

3.61 

53.5 

33.31 

9.887 

BAb 

S.IW 

Jlf^.B 

6.08 

D.Ol 

1J.4- 

8.04 

f.-a^ 

4RS.9 

9.75 

S.l" 

14.8 

31.46 

10.339 

10.47 

3. 48 

507*.  1 

7.00 

l.b* 

13.4J 

7.B* 

1TM.7 

11.07 

4.> 

6.1 

98.01 

10.149 

14.W 

S.H 

3834.-, 

7.13 

1.16 

11. 6i 

7.30 

ii'.ii 

145.0 

11.31 

5.3 

0.1) 

v!6.77 

9.740 

10.41 

3.:il 

1417.5 

8-OH 

1.38 

14.5 

7.6( 

C58 

4:0. 7 

10.70 

0.4 

5.9 

36.99 

9.6U 

8.57 

11.113 

37ti!l.6i 

8.59 

I.I7 

14  88 

T.44 

8.4-2 

391.8 

8.64 

4.4 

10.6 

30,53 

9.91L 

10.13 

I-TU 

i-75. 1 

5.81 

1.93 

8.35 

fi.7 

7.67 

317.4 

lO.UI 

3. St 

11.5 

38.53 

8.588 

S.G3 

1.92 

W7ti.l 

8.10 

i.n 

H.47 

7.1'S 

9.0(1 

410.9 

9 -in 

4.1 

10.  ft 

in. 38 

9.896 

14.74 

1.T8 

15110.4 

H.68 

1.5J 

10.09 

7.30 

8.8!) 

i4>l.5 

11. M3 

8.8S 

0.4 

-j9  03 

9.711 

9.S7 

I.BS 

4!(>ti.- 

7.37 

l.U 

10.6* 

(1.74 

7.75 

350.9 

9.73 

4.03 

11.3 

■J9.n 

8.583 

9.44 

1.6^ 

fiaio 

7.611 

0.91 

13.40 

7.60 

8.75 

118.6 

10. « 

4.2 

17.1 

36.80 

9.751 

S.6G 

1.67 

6.8t 

1.9S 

10.1 

7.84 

8.94 

108.7 

10.27 

3.3. 

14.8 

39.74 

9.970 

14.14 

1.95 

1403.5 

4.4 

43.2 

■i7.23 

13.39 

8.11 

4153.9 

raY 

n,'94 

'ia.'Tg 

T.'is 

'e-il 

iM.k 

is!  37' 

6.1 

5.7 

38.18 

■9!7i0 

B.49 

a.iM 

1601.1 

S  31 

1.18 

13.  8j 

7.0 

7.99 

378.9 

6.01 

2.94 

6.9 

39.15 

8.497 

IS.  51 

a.Ki 

I9<a.fi 

9.8t 

n.H5 

16.41 

7.45 

8.48 

417.9 

U.l)6 

6.1 

3.7 

36.69 

9.648 

4.6^ 

1.51 

8.59  ft-dC 

13.43 

fl.9S 

7.48 

375.4 

5,04 

l.» 

11.1 

37.88 

8.SS5 

5.40 

i.m 

R.al  p,R4 

13. 7S 

7.W 

8.08 

439,6 

S.68 

3.1 

10.7 

,f7.55 

9.  ITS 

9.34 

l.ifi 

10.74  to. 06 

14.3 

6.14 

6.95 

353.8 

10-10 

5,6. 

5.7 

■27,  in 

7.719 

7.07 

a.  01 

4«:. 

10.5 

7.0 

8.30 

S84.1 

8.35 

0.9 

9,9 

3«.fi9 

8,913 

4.97 

l.Ti 

ii.w'LiiM 

15.05|6.3 

7.34 

318.8 

5.13 

1.6 

6,4 

-36.53 

7.734 

0.37- 

aw.! 

15.87   ... 

13.fMl.(K 

4,69 

98.6 

0.307 

\ 

0.0( 

\ 
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TABLE  CC\.— Rank*  of  coab,  aeeorjing  to  thtir  teetral  praetieal  eiandn 


i . 


Xomo,  in  the  order  of 


1  ReaTrr  Moulow,  ri<ipa  No.  5 
9  Lyminiiie  Crerk  -  ■  . 

3L>:lii;h     .  .  .  . 

4  Beivcr  Mcadnw,  (navy-ytkrd) 
6|Bniv<-r  Meidnw,  sliitie  No.  3       - 
eJliliilure,     -Sill  OuniWrlnnd  iiiict 

-t-Slhi  Seatef  Mcadnw 
7  Midlniliiui,  (naiy-yud 
MMixtutc.    l-Ath   Mrdlnihiaii  oiul 
.     4-6lhB  Bea*er  Alendow 
SNefTBCiimberianU 
lUMidlotliiiui,  (Bvsragc 

11  E^ch  Mounloin  -  •  - 

12  New  Vork  and  Marybind  Mii>iii>r 

13  Forecl  linprcivemrnt 
lllCrouch  and  Siirnd'i 
lilPietou,  (New  Y.irJi) 

J8  E«Bbv'»  "  Cool-iii-Siorc" 

ITCunbriBrounly 

Ki'CurnbcHand,  (nn«y-Vardl 

lUHHrr'aOrfnUuii  -   '       '- 

SUiULiKHbui" 

SljAlkiiiioii  nnil  Templcmati'K 

^Kutliaua  .  .  -  . 

33|t£<iiil>y  andSmilh'ii 

94.Sralch      .  .  .  . 

Sti.I>nii|>hiii  und  Smniielinnnii 

STjMidUilhmii,  0W  (n-i  ahaR) 

2HlUuii,'a  Itun 

»!l,i'iciau,  (Cunnrd-K) 

3tl{Larkii«'itiiim 

3l'Lyk«n'H  Vullc-y   - 

SaVfirtloihian, "  ntvi-  sliafl" 

aJLiviTpool 

34:CatiiiHwii,  (la.)  - 

aaSidncy       -  . 

MjPitMl/urs  -  -  -  - 

SJNauiralioko        .  .  , 

B8|Creek  Caoipaay'a 

"IMidlothian,  (arrtcned)     - 

4WlJhr»lerfipld  Miniiie  Company's  - 

iaTimiaconoe 

*3ICoke  of  Midlothian  coal  - 
J+Ooke  of  NefPa -Cumberland 
«^Dry  pinoiTOoJ     - 


55.  ;i7 

fiS.UM 
54.!IQ 


54.39 
54.3':< 
54.115 


53.57 
53.55 
53.47 


S3. 17 
53. 115 
53.113 


5(1.  .'14 
.'.(I.  h-j 
51).  33 
49.-J.^i 
4r'.t^ 
4N.5li 
47. 'HI 
47.  fw 
47.  S,> 
47.44 

46.  m 
4<i.6;i 

46.49 
45.7'J 
45.55 
45.48 

45.1(1 


■  1  Omnttlon  (la-)    - 

■  SOtun-aRdn  -  .  . 
[  3  Dauphin  and  Snaquelianna 

!   4Ncwt:<alle  .  .  . 

!  SBloaaburR  .  .  . 

6Pl«ou,  (fcunard'a) 

7  Liverpool  ... 

'  H  Midlothian. '' nRW  shaft" 

9  PkiPH,  (New  Y.!*) 
lOSentch       -  .  .  . 

i  1 1  Alkinnon  and  Teinpleman^ 
19  Crouch  and  BneiLd^H 

13  Cheiterlidd  Mining  Cmnpnny's  • 

1 4  Coka  nf  Srtta  L'umberianil 

15  Sidney      .  .  .  . 

16  Midtolhinn,  (tccrtmtd)     . 

IT  Nfsv  Ynrk  and  MaTylond  Mining 


'Six:z:. 


l!l'.MniJ..(liian,  (nlK)  Tort  ahaft) 

3<l  Midlulliimi,  (aiiTa^)       . 

31  ilarr'a  IXsrp  Run 

33  tJialiy  and  .Sniilli'a 
'3:i]C'iTek  Cninpuiiy'A 
'a4,Neff'a  CumWrtniid 

35  Lyi-nmini;  (-reck  ... 

3t-.'NBliivnl  oke 

87  I'loshy'a  "  Caul.in.8tor«" 

3h  Karthaua  -  .  .  . 

ajtClnvrrHdl 

3ll|CokB  of  Midlothian  poal  - 

3|.('ainbriii  coinily  inial 

3;t'Mixiiin:,  1-Sih  Cnmlwrlai.d  and 
-     I     4<iili9  lleavcr  Mt-adow 

13  BwiTiT  M«id,i*.  atoi*  So.  5 

.14Lykcn'sVHll.y     .  . 

:»  Lix-kau-Bimn 

3U.Mixmre,   K.th   Midlothian    and 
I         4.5ih8  Benrer  Meudow 
,37'Lchigh     .  .  .  . 

3B  l-'orcBi  Improrrtnent 

'39'I*c<ieh  Mountain  -  .  . 

liOiliMver  MMdow,  ilopf  No.  3        - 

41  Baaver  Meadow  (navy-ysn!) 
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TABLE  GCI— Continued. 


11 

111 

11 

NBmei,  in  the  order  of  cohflct*- 

Kamea,  in  the  order  of  avieo- 

i 
1 

■S 
1 

KATI'B     rOWKK     DNDaK    Kqilll. 
WLIOSTt. 

> 

Pidou,  (Cuiurf-.) 

3.7 

1 

!0,70 

I 

6.1 

9 

auin'aRun 

10.37 

1 

Baaby  and  Sniitli'e 

5.3 

3 

Peach  Mountain  •           -           •. 

10.11 

4 

Pielou,  (New  York) 

5.7 

4 

10.06 

« 

Scolch      -           ,           -           - 

5,7 

5 

E»abT'«  "  Coal.in*o«" 

10.02 

« 

MidlotbiftQ,  (MO  feel  •haft) 

5.9 

6 

Eaaby  and  Smith'l 

9.96 

7 

Sidney      -           -           .           - 
CtohA  Bnd  Snead'8 

5.9 

7 

Btavir  Meadow,  alope  No.  5       - 

9.88 

£ 

6.0 

6 

Lacknwanno     ■  - 

9.79 

9 

Neff-e  Cumberliind 

G.I 

9 

New  York  and  Maryland  Mining 

IB 

CuinelLoit,  (k.)   ■ 

e.4 

Company-a       - 

9,78 

11 

BaiT'e  Drep  Run  - 

6.4 

10 

Lyken'aValley    - 

9.7S 

13 

Mixlure,   1-bth    MiaioOiiail   and 

6.4 

11 

9.46 

13 

13 

9.44 

4-5iha  Beaver  Meadow 

9.5 

13 

9.34 

14 

PiUabiirg 

9.9 

14 

Cambria  county   - 

9.94 

IS 

H««  York  and  Maryland  Mining 

15 

Beaver  Meadow,  slope  No.  3        - 

9.91 

Compnny'a 
CfcealerfieiaMiniogCompany'.  - 

10-1 

16 

IS 

10.5 

4-5lli8  Beaver  Meadow 

9,18 

H 

Creek  Company-. 

Newoaaile  '         -          -          - 

10.5 

17 

Knrthaua                ... 

9,09 

18 

10.7 

18 

Beaver  Meodr>w,  (navy-yard)      - 

9.08 

19 

11. 1 

1» 

Bnrr's  Deep  Run 

Chealerfieid  Mining  Company'i  - 

9.  on 

SOi 

11. il 

20 

9.00 

»1 

CawwHill 

n.5 

21 

8.99 

ss 

Cumberland,  (naTV-yard) 

13.5 

3a 

Midlothian,  (acreened)     - 

8.94 

93 

Blouburg      '      :  '       . 

13.7 

23 

Lehigh     -           -           - 

8.93 

24 

auin'e  Run          -           -           - 

14.7 

24 

Lycoming  creek   -           -           - 
MUture,    l-5>h  Midlothian   and 

8.91 

35 

Midlolhian,  (acreened)     - 

14. e 

25 

96 

CambriB  counly    - 

H.e 

4^tha  Beaver  Meadow 

8.86 

87 

Mixlum,  l-5lh  Cumberland  and 

26 

MidloUiian,  "  new  ahaft'! 

8.75 

4.5lba  Beaver  Meadow 

1G.0 

27 

Newcaade            .           .           - 

8,66 

Sd 

Midlolhian,  "  new  ihafi" 

17.1 

as 

8.83 

ay 

Lyken's  Valley   - 
Easby'B  "  Cofll-in^lore" 

18.0 

29 

Midlothian.  (900  feet  ahoft) 

8.58 

30 

18.2 

30 

Pictou.(Cuaard>a} 

8.48 

31 

33.7 

31 

Natural  coke 

8.47 

39 
33 

Lehigh     .... 

36.6 
36.1 

39 
33 

Creek  Company 'a 
Pictou,  (New  York)        - 

8,43 
&41 

34 

40.3 

34 

Crouch  and  Siiead'a 

8.34 

35 

Coke  of  NelTe  Cumberland 

43.2 

35 

Midlolhian,  (avemge)      - 

8.S9 

36 

43.7 

36 

Pitlabu^- 

8.90 

37 

Lycoming  Creek 

46.3 

37 

Sidnay      .           .           .           . 

7.M 

X 

53.5 

as 

Liverpool             ... 

7.84 

Coke  of  Midlothian  cool 

53.3 

39 

IVpecanoa 

7.T5 

57,2 

40 

Clover  Hill 

7.87 

Naturalcoke 

60.9 

41 

Cannelton,  (la.)  - 

7.34 

B«»er  Meadow,  slope  No.  5       - 

61.  a 

43 

Scotch       .... 

6. 95 

BMTtr  Meadow,  (navy-yard)      • 

107.1 

43 

Dry  pine  wood     ... 

4.69 

Bemr  Meadow,  .lope  No.  3      - 

113.4 

_ 

Dte.  No.  am 

TABU  CGlUOealbwwL 


9  BcBver  Meadow,  slope  No.  S       - 

5  Ptaeb  Mountain  - 

4  Pon*l  Improveincnl 
i  EMby  V  "  Coal-in-6iare" 

6  New  York  and  MBTflnnd  Mining 

CompafiJ  ..  -  - 

7  aam-n  Run 

8  Bk»tbure  .... 

9  JieFt  CunilKriuxl 

10  Basby  and  Sntilh'a 

11  Bcnver  Meadiw,  slope  No.  3       - 
IS  Beavrr  Mendow,  {nary-yBii) 
UMixture,  1-5ih  CuDiberluid  and 

4-&tha  Bearer  Meadow 
M  Lehigh     -  .  .  - 

15  Lyeominff  Creek 

16  Camhriii  county  - 

n  Uixlun,    1-Sth  Midbthiui   and 

t-5lb>  BMTcr  Uiadow 
MBbtt'i  Deep  Run 
19  Locks  wanna 
SO  KartUn-j- - 

91  Dauphin  and  Susquehanna 
KLyken'aVrtlley    . 
iOPiciou,  (New  York) 
S4  Midloihian,  aieniee 
Is  Crouch  and  SneaiTs 
SGNewcoade  .  .  . 

IT  Midlothian  (900  feel  ohaA) 
ae  Midlothian,  "  nsw  ihaA" 
SPiclou,  (Cnnanl>*) 
SO  Ohenlerneld  MiningCompany'a  • 
81  Midlothiaii,  (acreencd)     - 
3B  Natuml  coke 
9S  Creek  Company's 
94  Pittsburg  -  .  . 

SSSdney      .  -  .  . 

K'liiverpool  ■  .  - 

ITScotah      -  .  .  . 


UCnke  of  NefTs  Cumberluid 
HOoke  orMidlothiun  coal  - 
BlDrjr  pine  wood    - 


MS.  7 
540.8 
53&.6 


517.0 
6V5.9 
512.7 
611.1 
505.  S 


481.1 
478.7 

477.7 
477.4 
472.8 
4.19. 7 
450.6 
448.5 
445.  0 


984.0 
383.6 
9a6 


Atkinson  and  TempIemoD^ 

Quin's  Itun  .  .  . 

New  York  and  Maiyhod  UfaunE 
Company  .  -  . 

Dauphin  and  SuHiuehlililw 

Easby  and  SmichU 

BloBiijurg  -  ■  . 

Eisby's-'Coal'iD.Sum'' - 

PeacB  Mountain  -  -  - 

Poreal  lmnro»emeiit 

Lyken's  Valley    - 
II  Lackawanna        .  .  - 

|I3!LvronnneCreel[  -  •  . 

tlajNcri  f^umbEriand 
)4iBeBi-er  Meadow,  slope  No-  5 
ISlBeover  Meadow,  alopeNo.  I       - 
18|Nalliral  coke 
ITiCoke  of  NtstTs  Cumberiand 
IS  Coke  or  Midlothian 
U^Cambrin  eouncy  -  -    *      - 

M^arr^  Deep  Ron  ... 
ailMixtun,   l-5th  Cumberland  snd 

I  4-5iliB  Beaver  Meadow 
aa^idlo'hinn,  (acreened)  - 
aathcslerfield  Mmine  Company'!  . 
lOl  i_-k..._  *  '      ' 


Meadow,  (nti»y-yanl) 
Midlolhiaj].  "new  Bhah" 
Midtothian,  (average) 
Crouch  and  Kncad's 
lixture,    l-5lh    Midlolhian    and 
4.5lh8  Beaver  Meadow 
iciou,  (New  York)  . 

_iciou,  (Cunard>a) 
Lehigh     ■ 

Midlothian,  (900  feet  BhaA) 
Creek  Comiwiy'a 
Newcastle 

Pitlsburg  -  -  . 

xerHill 


Liverpool 
..  Cannetton,  (la.)    ■ 
43'ScDtch      ■ 
4311)1;  pine  wood     ■ 


"S 

10.N 

ie.is 
10.  n 
i».n 
19.  n 
i&n 
n-n 

10.  M 


10.  X 
MiM 
10.U 
1ft  M 
18;  U 


9.B8 
9.75 
9.74 

9.74 

9.79 
9.T1 
9.U 


B.SS 
8.  SO 
6.3* 
T.7J 
7.7S 
471 
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?l 

11 

in   ihe  (wier  of  rkii- 

°| 

Names,  in   Ibe  order  of  rui- 

|1 

|S 

u 

■5 

f" 

f 
1 

wood     - 

0.307 

1 

BeaVB-  Meadow,  alone  No.  5       - 

0.60 

S.U4 

0,81 

.,(!«.). 

5.19 

aPillabure 

i^ver  Sleodov.  slopa  No.  3      - 

0.94 

1,01 

6-Oi 

SLehigli     .... 

1.08 

>ndow,^<.pcNo.5       - 

6.74 

6|Lnck;w»i.n»        - 

1.34 

lu.ilain  .             - 

6.97 

7lQuin'i  Run 

l.M 

ifirovemeiit 

6.97 

1.33 

7.23 

9  IIcBter  Mrodow  (aaiyyard) 

lo'CwirwIlon,  (la.)   - 

1,40 

7.«9 

l.M 

mul  Templrnian'ii 

7-96 

]  1  LJTcrpoDl             ... 

l.M 

l..iidow,  (n«vy-y»rd)      - 
l-5tli  Ciun1«rUnil  and 

8.10 

a.  13 

lalSidn-y      .           .'          -           - 

9,35 

UtjviT  Meadow 

8.18  ■ 

H,Ci.mb«rWd,  (navy-yarij 

9.39 

6.35 

15Pe.ch  MounUm  - 

3.03 

•  Coal-ir^iB"'           - 

8.3S 

16:fie»by  and  Smith's 

3.0& 

""n"!^  MidlnthiaD  nod 

8,64 

4-5th.  Emvbt  Meadow 

3.09 

ik-uver  Moulow 

8.88 

ISiNirwcaitlf 

3.14 

8.93 

19,Lyi:oniirg  Creek 

2a|Midloih>a>i,  (Koreencd)    ■ 

3,86 

8,94 

3.33 

III  Mining  Caniinny->  - 

9,0T 

aiiBI..«l.urg 

3.40 

i  ^UllOl-S 

9  69 

ajCiiniliriiicounly    -            -             - 

3,48 

9,7d 

350 

■i,.iiily    - 

9.75 

24,G'k<:  ofNeir«  Cumberiond 

3.56 

1U.10 

USKiuthaua 

3.66 

II  "Niru-olisft" 

JV.X 

a&ciovwHin 

3.K 

11,  lirrwiicdj      - 

10.37 

4.03 

111            -             -             - 
i>,  (<l(>fl  frol  ..Imrt) 

10.60 
10,7(1 

99  MidlolLian,  "  new  uliaft" 

4  19 
4,81 

I0.9fi 

M'Lyken*«Valky     - 

4.40 

cp  lUn 

11.07 

31;Creeli  Company's 

4.49 

11. SO 

aaiMidlothinn,  {n»Ty-yarl>  - 

4.43 

endov,  nlopc  Mo.  3      - 

11.96 

34  tfarr-a  D«p  Hun  - 

35UiM<in,   I-Stb   Midloiliian   and 

4.S3 

'iiiiur.ra} 

19.  U6 

4,75 

'■llrjr     - 

<  aii.1  .\I«ryland  Mining 

U.S4 

4-5tlui  Beaver  Meudow 
3S  Nstuml  «oke 

4.91 

ly's       - 

ia.71 

S.3I 

Mrn  r:iii>ii«riB[id 

13.:)4 

17  Crouch  luid  Sneod's 

S.37 

Jf-W  Vork) 

13,37 

38  New  York  and  Maryland  Mininf 

Id  Kncnd'« 

14.34 

Cixnimny'a        ... 

5.tt 

nd  (iiBvy-yard) 

14.53 

aascoith     .... 

5. Si 

n,  <averagel       • 

14.  B3 

MWcoo,  (New  York)         . 

a.  13 

lidlolhiiUL  c<nt  ■ 

16.36 
IG.54 

tiMidlotbian,  1900  feet  ahad) 

6.19 
6. 47 

;Cre«k- 

iG  sa 

43'Midlothian.  (average)       - 

f>83 

Id,  46 

44:Cnke  of  MidlathiaD  eoid  - 

le.M 

MM 


Dae.No.ST8l 
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Hanie«  of  cosh,  in  the  order  of 

Name*,  in  tie  order  of  nauMnM 

1 

1 

1 

HuonrK  iTArouitTa  pdwes 

ii 

1 
1 

KuisnT  or  BiaroUTTOa. 

Jl 

1 

S81.3 

1 

ChealerBeld  Mining  Coiirt-nT'"  - 

19.11 

3 

577  5 

3Blo«buis            ,           .           . 

l>.tt 

3 

Beaver  Meadow,  sfopc  No.  5      - 

573  3 

aCreek  Company'a 
t  Pieioo,  (Cunard'a) 

U.N 

4 

573.9 

nji 

S 

Nbw  York  and  M«7laiiii  Mining 

H^ 

6 

Compsny 
EdBby's  '■Cool-in-Slore" 

546.9 
535.6 

G  Euby  and  Smhhl 

ICM 

7 

Neff-a  Cumberland 

533.3 

W.*J 

B 

B«.,erMeadow,riopeNo.3      - 

5S6.S 

9|Cambria  counly   ... 

!'S 

9 

Bl».*baig 

633.6 

{;li:3r'-     :     :     : 

ica 

10 

duin'sRan           .             .             - 

618-1 

VM 

11 

Euby  and  Smith's 

516.7 

13KHibou»             -           -      ,     - 

K.a 

li 

u.m 

4^tha  Bearer  Meadow 

515.5' 

I4Newfa8lle              - 

16.  Bl 

13 

Lehigh     .           -           -           . 
KsrtRflaa  .             -             -             - 

515.4 

IslMidlothian,  (900  fe«t  ahaft) 

I5.B 

14 

512.9 

1G 

Canijelloo,  (U.)  -             -             - 
Coke  of  Midloliiion  coal  - 

IS  55 

15 

Cambria  county    - 

509.1 

n 

15.50 

16 

Lycomine  Creek  - 

505. » 
503.6 

18 
19 

Lehigh      -             -             .             - 

Poreat  ImpraTcmenl 

)5.S 
1*.« 

18 

Ltckowanna 

m.a 

SO 

Midlothian,  "now  .haft" 

U,l* 

19 

Lyken'a  Valley    - 

4B9,a 

ai 

Uckawanna        - 

15.08 

ao 

Barr's  Deep  Run 

4ee.7 

32 

!4,91 

ai 

486. 4 

33 

1481 

ea 

Mixiure,   l-5lh   MidlolhUm   snd 

34 

Sidn^      -           .            ,           . 

H.» 

33 
St 

4-5lh«  Beaver  Meadow 

Pielou,  (New  York)        - 
Crouch  and  Siiead's 

483.3 

478.T 
463.3 

25 
9fl 
37 

PicWD,  (New  York) 

4,54 

auin'aRun 

4'.05 

25 

453.9 

'38 

Beater  Meadow,  slope  No,  5      - 

3.96 

SS 

Midlothian,  (900  feet  ihart) 

446.2 

:29 

Barr's  Deep  aun 
Lvkrn-ii  vVlley    - 

13  93 

37 

438,4 

!30 

13. 7S 

98 
29 

Creek  CompBny'a 
Picwu,  (Cunoni'B) 

435. U 
427.9 

!31|Lycoming  Creek 

|32,Mixed,  Beaver MeadtHeaiwiCtim- 

13. 6S 

30 

MidloLhian,  "  new  ihaft" 

434.3 

beriand 

13. 5C 

31 

ChcBletllcld  Milling  Company's  - 

4S9.3 

133 

Beaver  Meadow,  dope  Ho.  3       - 

13.41 

33 

Liverpool 

41), a 

'34 

Natural  coke 

U.U 

33 

Nalurelcoke 

407,9 

35 

Mixed,  BenverMeadow  and  Hid- 

34 

iEr"     :     :     : 

391,8 

lochiar. 

as 

35 

386.1 

36 

New  York  and  Maryland  Miniiig 

36 

384,1 

11. » 

37 

Br»lch       .             -             -            . 

369.1 

37 

19.71 

38 

Cannelton,  (la.)  - 

360.0 

38 

Crouch  and  Snead*. 

18. » 

39 

Clover  HiU 

359,3 

39 

Midlothiun,  (a>era^)      . 

111* 

4» 

384,0 

40 

Beaver  Meadow,  (naTy-yard)     - 

U.M 

41 

Coke  of  Midlothian  coei  - 

283.5, 

41 

Clover  Hill            -             -             . 

10.48 

4a 

Dry  pine  wood    - 

98.6 

43 

PillBburg. 

10.0(1 
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The  tables  last  presented,  containingjir^/  a  general  synoptical  view  of 
the  characler  and  efficiency  of  the  several  coals,  and  secondly  a  number 
of  distinct  classifications  in  reference  to  difierent  characters  considered  to 
be  of  the  most  practical  importance,  and  based,  in  every  instance,  on  the 
numerical  results  of  experiment,  will,  I  trust,  be  found  highly  serviceable 
in  guiding  those  whose  duty  it  may  be  to  make  choice  of  fuel  for  the 
naval  or  other  public  service,  to  the  selection  of  such  as  will  answer  the 
specific  object  for  which  they  may  be  procured. 

In  applying  the  table  of  ranks,  it  will  readily  be  understood  that,  where 
any  given  rank  is  determined  by  a  series  of  numbers  (on  the  right  of  the 
names)  increasing  downwards,  the  number  at  the  top  is  to  be  used  as  a 
dividend  to  be  divided  by  each  of  those  below  it ;  and  that,  on  the  con- 
trary, where  the  rank  is  decided  by  a  series  diminishing  downwards,  the 
number  at  the  top  becomes  a  divisor  for  each  of  those  below  it:  and  in 
both  cases,  the  quotients  become  a  series  of  decimals,  expressive  of  the 
relative  values  of  the  coals  against  which  they  stand,  as  compared  with 
chat  occupying  the  head  of  the  list  taken  as  unity. 

For  the  purposes  of  steam  navigation,  the  rank  most  important  to  be 
considered  is  the  fifth,  in  which  the  names  of  coals  stand  in  the  order  of 
their  evaporative  power,  under  given  bulks.  This  is  obviously  true,  since, 
if  other  things  be  equal,  the  length  of  a  voyage  must  depend  on  the 
amount  of  evaporative  power  afforded  by  the  fuel  which  can  be  stowed 
in  the  bunkers  of  a  steamer,  always  of  limited  capacity. 

At  the  head  of  the  fifth  rank  stands  Atkinson  &  Templeman^s  Cumber- 
land coal,  on  the  right  of  which  is  566.2  ~  the  number  of  pounds  of  steam 
produced  by  one  cubic  foot  of  that  coal.     This  number,  used  as  a  divisor' 
for  the  whole  series,  gives  the  relative  values  as  follows ; 


Relative  values. 

1.  Atkinson  and  Templemun^s  -  1.000 

3.  Beaver  Meadow,  slope  No.  5         -  0.982 

3.  Peach  Mountain     ...  0.964 

4.  Forest  Improvement  -  -  0.955 

5.  Eaaby's  Coal-in-Store        -  -  0.946 

6.  New  York  and  Maryland  Mining 

Company  ...  0.927 

7.  auinVi  Run  ...  0.913 

8.  Blonbuiv  ....  0.911 

9.  Neff»8         ....  0.906 

10.  Eaaby  and  Smith's  -  -  0.903 

11.  Beaver  M«adow,  slope  No.  3         -  0.893 
13.  Beaver  Meadow,  (navy  yard)        -  0.883 

13.  Mixture,    Beaver    Meadow    and 

Cumberland         -  -  -  0.680 

14.  Lehigh       ....  0.872 

15.  Lycoming  Creek    ...  0.871 

16.  Cambria  county,  Pa.         -  -  0.860 

17.  Mixture,  Beaver  Meadow  and  Mid- 

lothian    ....  0.850 

18.  Barr*s  Deep  Run    ...  0.845 

19.  Lackawanna  ...  0.844 

20.  Karthaus    -  -  .  -  0.843 


Relative  values. 


21.  Pauphin  and  Susquehanna 

22.  Lyken's  Valley 

23.  Pictou,  (New  York  sample) 

24.  Midlothian,  (average) 

25.  Crouch  and  Snead^s 

26    .^1  tivrcastle  ... 
27!  Midlothian,  (900  feet  nhan) 

28.  Midlothian,  (new  shad)     - 

29.  Pictou,  (Cunard'a  sample)  - 

30.  Chesterneld  Mining  Com^^any 

31.  Midlothian,  {screened) 

32.  Natural  coke 

33.  Creek  Company's  - 

34.  Piiuburg    -  .  - 

35.  Sidney        -  -  - 

36.  Liverpool  -  -  . 

37.  Scotch        ... 

38.  Tipi«ecanoe 

39.  Caihnelton  ... 

40.  Clover  Hill 

41.  Coke  of  NefTs  coal 

42.  Coke  of  Midlothian 

43.  Dry  pine  wood 


0.835 
0.812 
0.796 
0.799 
0.766 
0.776 
0.766 
0.739 
0.738 
0.726 
0.722 
0.698 
0  693 
0678 
0.669 
0.663 
0.625 
0.618 
0.616 
0;614 
0.502 
0.499 
0.175 


When  required  for  stationary  purposes,  and  sold  by  measvre,  the  same 
scale  applies.     When  sold  by  weiffhf^  the  fourth  rank  will  be  employed 
to  furnish  the  scale,  the  divisor  being  10.7.     With  the  above  scale  must  be 
combined,  in  the  case  of  steam  navigation,  X\\ose  d^efw^^  \tws\  \^\^^  «\sgjx^ 
and  tenth;  the  former  showing  the  relative  tee^om  iio\s\^^\.^-»^^^'^^ 
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latter  the  maxirDum  rapidit)r  of  action  of  the  several  samples;  both  of 
these  properties  being  important  in  making  an  estimate  of  the  value  of 
fuel  for  this  purpose.  In  rank  eighth,  Beaver  Meadow  slope  No.  5  stands  at 
the  head,  with  the  number  0.60  opposite.  This  number  divided  by  0.81, 
the  next  below,  gives  0.740  as  the  relative  freedom  from  clinker  of  For- 
est Improvement  anthracite.  I  abstain  from  multiplying  these  calculations, 
as  they  are  readily  made  by  any  one  capable  of  performing  the  operatioDs 
of  simple  division. 

,  As  every  sample  of  coal  has  been  allowed  a  fair  opportunity  to  exhibit 
its  own  distinctive  character;  it  would  be  useless  to  attempt  to  substitute 
for  the  results  of  practical  ex|X'riments,  on  such  a  scale  as  is  here  presented, 
any  mere  opinions  or  conjectures  derived  from  observations  made  at  ran- 
dom, with  no  standards  of  time,  weight,  or  magnitude;  or  even  any  theo- 
retical conclusions  drawn  from  tests,  however  skillfully  applied,  merely  to 
single  hand  specimens.  It  has  been  my  aim  in  all  these  researches  to 
avoid  matters  extraneous  to  the  experiments  themselves  and  to  their  le- 
gitimate interpretation.  It  has  not  been  deemed  expedient  to  swell  this 
report  by  the  introduction  of  matters  not  within  my  own  cognizance.* 

The  numerous  certificates  and  declarations  which,  either  in  the  form  of 
reports,  or  other  published  articles,  have  from  time  to  time  been  put  forth 
in  regard  to  certain  coals,  may  in  some  instances  be  entitled  to  considera- 
tion, as  evidences  of  their  superior  worth;  in  others,  of  a  commendable  in- 
dustry and  energy  on  the  p)art  of  the  proprietors,  agents,  directors  of  com- 
panies, and  others  interested  in  their  development  and  use.  If  these 
commendations  have  not  in  every  instance  been  entirely  justified,  it  is 
^perhaps  to  be  taken  as  a  new  evidence  that  in  this,  as  in  many  other  im- 
portant matters,  those  merits  which  have  not  been  the  most  ioudly  pro- 
claiinod  may,  upon  due  exarninatioiij  be  found  among  the  most  estimable 
and  the  most  enduring. 

It  will  not  fail  to  be  remarked  that  the  justly  celebrated  foreiijii  Miuiui- 
nous  coals  ofNowcastlo,  Liverpool,  Scotland,  Pictou,  and  Sidney — coals 
whichconstitutc  the  present  rejiancc  of  the  great  lines  of  Atlantic  steamers- 
are  fully  equalled,  or  ratiier  surpassed  in  strength,  by  the  anajognns  coals 
of  eastern  Virginia;  that  they  are  decidedly  surpassed  l)y  all  the  free 
burning  coals  of  Maryland  and  Pennsylvania;  and  that  an  equally  decided 
advantage  in  steam-generating  power  is  enjoyed  by  the  anthracites  over 
the  foreign  coals  tried,  whetlier  we  consider  them  under  equal  weights  or 
equal  bulks. 

Experiment  appears  to  demonstrate  that,  for  the  purposes  of  rapid  evap- 
oration, and  for  the  production  of  illuminating  gas,  the  coal  of  Indiana, 
though  neitlier  veiy  heavy  nor  very  durable,  is  inferior  to  none  of  the 
highly  bituminous  class  to  which  it  belongs;  since  in  heating  power,  and 
in  fieedomfroni  impurity,  it  surpasses  thesplint  and  cannel  coal  of  Scotland. 

Apprized  of  the  strong  desire  felt  by  the  department  to  be  in  possession 
of  the  results  of  these  inquiries,  I  have  spared  no  effort  to  bring  iheni  to 
an  early  conclusion,  thougli  satisfied  that  in  doing  so  the  researches  cannot 
be  considered  complete. 

( )ne  ol'  the  important  points  which  it  would  be  desirable  further  to  invrs- 
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tigate,  is  the  proportion  of  au^kttr ;  which,  it  will  be  seen  by  the  aeveal 
sjraoplical  tables,  was  only  tested  on  single  specimens,  for  a  part  of  the 
series.  This  is  a  labor  of  time,  vrhich,  for  reasons  already  assigned,  is 
uoavoidably  left  incomplete. 

Another  point  of  practical  importance  is  the  composition  of  the  earthy 
matter,  or  ashea  of  each  coal.  On  the  investigation  of  this,  it  was  not 
found  practicable  even  to  enter.  It  ts  of  no  inconsiderable  interest  in  re- 
]ation.to  the  metatlurgic  arts  Lo  which  coal  is  applicable.  In  lieu  of  any 
researches  on  this  subject  upon  the  samples  of  coal  here  reported,  1  beg 
leare  to  add  a  series  of  analyses  of  this  nature,  which  I  made  some  years 
since.  Tliey  are  cliiefly  the  asbes  of  anthracites.  One  happens,  how- 
ever, u>  have  come  from  the  same  mines  which  furnished  one  of  the  sam- 
ples of  bituminous  coal  examined  in  this  report. 

TABLE  ecu. 

Composition  and  character  of  as/ies  from  several  varieties  of  cotU. 
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I  cnnnot  by  any  means  regard  ihe  invesliffation  0/ American  coals  aa 
an  cxiiaiisiod  subject. 

A  glance  at  any  good  geological  map  of  the  United  Slates,  in  which  the 
coai-liekls  are  laid  down,  will  show  how  exceedingly  limiled  is  the  whole 
amount  of  space  covered  by  the  several  detacbed  coal-troughs  from  whicK 
the  samples  here  presented  were  derived,  com  pa  red  with  the  immense  ex- 
tent of  that  tormation  which  covers  western  Pennsylvania  and  Virginia, 
eastern  Ohio,  the  eastern  part  of  KeuluckY)a  igaiXot  TsiA6\ft '^«^"«.^»«» 
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and  an  undefined  portion  of  Alabama;  and  much  more  when  compared 
with  the  vast  tracts  of  coal  country  in  Illinois,  Iowa,  Missouri,  Arkansas, 
and  a  considerable  portion  of  Michigan. 

The  surprising  extension  of  steam  navigation  on  the  western  rivers  and 
the  northwestern  lakes,  as  well  as  on  the  gulf  of  Mexico  and  the  adjacent 
seas,  the  increase  of  population,  and  the  consequent  clearing  of  woodlands, 
all  point  significantly  to  a  necessity  which  must  be  felt,  at  no  distant  day, 
to  have  recourse  to  mineral  fuel  for  supplying  this  rapidly  increasing  de- 
mand. 

To  understand  the  relative  strength  and  usefulness  of  the  coals  from  the 
several  parts  of  the  three  great  western  coal  regions,  requires  that  thef 
be  exammed  with  no  less  care  than  has  been  applied  to  the  limited  spaces 
from  which  were  derived  the  materials  operated  on  during  these  experi- 
ments. It  may  be  added,  that  the  products  of  many  coal  districts  east  of 
the  Alleghany  mountains  are  yet  unexamined. 

If  in  any  case  knowledge  is  power ^  it  is  pre-eminently  so  when  it  relates 
*to  a  subject  which  constitutes  the  greatest  element  of  power  in  the  phys- 
ical world,  and  in  the  present  age  of  maivelous  developments. 

I  cannot  conclude  this  report  without  again  bearing  testimony  to  the 
efficient  aid  which  the  industry  and  intelligence  of  my  principal  assistant 
and  co-laborator,  Dr.  Henry  King,  has  rendered  in  carrying  out  my  views 
in  the  arrangement  and  computation  of  many  of  the  tables   accompanying 
this  report.     To  his  perseverance,  with  that  of  another  assistant,  Mr.  S. 
W.  Hall,  do  I  owe  the  application  of  the  formulas  which  I  had  prepared 
for  ascertaining  the  mean  pressures  of  steam  during  every  day's  experi- 
menting, and  also  of  those  for  computing  the  table  of  experiments  on  the 
composition  and  heat-absorbing  powers  of  the  gases  of  the  chimney.    The 
labor  of  these  and  similar  computations,  even  with  all  the  aid  which  mathe- 
matical tables  afford,  is  exceedingly  arduous,  and  requires  the  utmost  vi>i- 
lance  to  avoid  error.     It  is,  perhaps,  too  mucli  to  hope  that  no  inaccuracy 
whatever  has  occurred  in  their  applications  of  these  formulas,  embracing, 
as  they  necessarily  do,  numerous  classes  of  elements.     But  as  every  ex- 
aminer of  the  work  will  have  all  the  data  before  him,  mere  numerical 
errors,  should  such  occur,  can  be  readily  discovered  and  corrected.* 

In  the  hope  that  the  results  now  offered  for  your  acceptance  will  be 
found  serviceable  to  the  important  arm  of  national  defences  committed  to 
your  charge,  and  to  justify  the  favorable  views  of  the  enlightened  and  la- 
mented stalesmant  under  whose  immediate  auspices  they  were  commenced, 
I  have  now  the  honor  to  submit  them  to  your  hands,  with  the  assu- 
rance that  I  remain,  with  great  respect,  your  obedient  servant, 

WALTER  R.  JOHNSON. 

Washington,  June  3,  1844. 


•It  is  due  to  two  other  a.«Ristantfl  to  stale  that  the  records  of  nearly  all  the  ohsf'rvaiion>  -^n 
evaporative  power  were  made  .by  Mr.  James  W.  Kendall,  by  whom  also  much  r.i.J  w.J 
rendered  in  preparincj;  the  tables,  and  makin(;  the  calculations  necessary  to  form  ihc  di.iliic- 
tions  acconifKinying  this  report ;  and  that  the  duties  of  nuperintcnding  the  supply  or  \vn:..r  'I  .r :  c 
the  ex|>eriments,the  drying  of  siimples  of  coal,  of  makini:  observations  on  the  tcm|injti:re  ••!'»;»• 
ter  Jo  the  supplying  reservoir,  and  of  steam  in  the  boiler^  were  com  mined  to  Captain  Thon.Ai  S. 
Eatton.  The  dullet  o(  botVi  0\e»e DA»\ft\jiiuta  were  \)erformed  with  a  zeal,  constancy,  and  dcc.iiy 
neritiof  high  approV>al\on. 

t  Th6  bitft  Hon.  A.W  ?•  \Xp«\wa,  t3ti«Mi^«3K.\»x^  ^l  ^^^w>3 . 
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Por  convenient  reference  to  the  numerous  samples  of  coal,  to  the  distinct  points  of  inquiry, 
rarious  descriptions  of  apparatus,  to  the  several  modes  of  experimenting,  and  to  the  di^ 
classes  of  results,  an  index  to  this  report  has  been  deemed  indispensable,  and  is  herewith 
ed. 
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